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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In Re Application of: 

CARL-KENRIK HELDIN et al. 
Serial No.: 07/574,540 Group Art Unit: is 5 

Filing Date: 27 August 1990 Examiner: M. Porta. X " 

Title: RECOMBINANT DNA ENCODING \ 
PDGF A-CHAIN POLYPEPTIDES 

RULE 131 DECLARATION 

The Honorable Commissioner of 

Patents and Trademarks 
Washington, D.C. 20231 

Dear Sir: 

We, CARL-HENRIK HELDIN, CHRISTER BETSHOLTZ, BENGT 
WESTERMARK, TIMOTHY J. KNOTT, JAMES SCOTT, and GRAEME I. 
BELL, hereby declare: 

1. We are the true, named joint inventors of the 
subject matter described and claimed in the subject United 
States patent application. 

2. The invention (s) claimed in the subject 
application were reduced to practice in the United States 
before 13 August 1986. The foregoing statement is based 
upon the following facts of which we have personal 
knowledge. 

3. At least two PDGF A-chain cDNA clones were 
reduced to practice in the United States before 24 April 
1986. Exhibit A, submitted herewith, is a true copy of 
Betsholtz et al., Nature Vol. 320, pp. 695-699 (24 April 
1986) . This paper was based on work described in the 
subject patent application which, as stated above, was 
performed prior to 24 April 1986. The publication discloses 
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cDNA clone Dl of human PDGF A-chain in Figure 1 and at page 
695. This is the same clone Dl disclosed in the subject 
application (see, e.g., Figure 1 of the application). As 
shown at page 699 of Betsholtz et al., the manuscript was 
received by Nature on 24 January 1986, thus proving that 
clone Dl was made before 24 April 1986. The clone Dl was 
received in the laboratories of Chiron Corporation, located 
in Emeryville, California, where GRAEME I. BELL was employed 
at the time the invention (s) were made, before 24 April 
1986. 

4. Exhibit B, submitted herewith, consists of 
pages from the laboratory notebook- of N. Fong. N. Fong is 
not an inventor of the subject matter disclosed and claimed 
in the above-identified application. N. Fong was employed 
as a laboratory technician by Chiron Corporation in 
Emeryville, California, and worked under the supervision and 
direction of Graeme ll Bell, at the time the invention (s) 
were made. Exhibit B is a true copy of the notebook pages 
with the exception of the indicated dates, which have been 
blacked out. The pages of Exhibit B, however, are dated 
before 2 4 April 198 6. Exhibit B shows that N. Fong was 
provided two clones of human PDGF A-chain, Dl and 13-1, for 
isolation of the coding sequence and subsequent DNA 
sequencing. These are the same clones called Dl and 13-1 in 
the subject application, for example, in application Figures 
1 and 2. 

5. Exhibit C also consists of copies of pages from 
the laboratory notebook of N. Fong. Exhibit C is a true 
copy of these pages with the exception of the indicated 
dates, which have been blacked out. These pages, however, 
are dated before 24 April 1986. Exhibit C describes the 
ligation of PDGF A-chain coding sequences from clones Dl and 
13-1 into a pSV7d expression vector, as also described in 
Example 2 (pp. 18-23) of the subject application. More 
specifically, Exhibit C shows the successful ligation of the 
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coding sequence from clone Dl into the pSV7d xpression 
vector, the resulting vector being called M phPDGFA-103" . 
This is the same or equivalent to vector "pSV7d-PDGF-A103" 
described in Example 2 of the subject invention. 

6. DNA encoding both the PDGF A-chain and B-chain 
was cloned into pSV7d, as described in paragraph 5 and the 
resulting constructs were transfected into Chinese hamster 
cells ("CHO cells") prior to 13 August 1986. Exhibit D is a 
true copy of an excerpt from a progress report dated before 
13 August 1986, which describes this experiment. As 
explained therein, CHO cells transfected with the B-chain 
construct, pSV7d-PDGF-Bl (described in Example 2 of the 
subject application), secreted active PDGF. Similarly cells 
transfected with the A-chain construct, pSV7d-PDGF-A102 (13- 
1) (also described in Example 2) , secreted active PDGF. 

7. DNA encoding both the A- and B-chains was also 
cloned into the yeast ADH2-GAPDH promoter a-factor leader 
vector prior to 13 August 1986. Exhibit E is also an 
excerpt from the progress report discussed in paragraph 6, 
dated prior to 13 August 1986. This excerpt describes the 
work done is yeast. 

8. We further declare that all statements made 
herein of our own knowledge are true and all statements made 
on information and belief are believed to be true. These 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
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United States Code, and that such willful false statements 
may jeopardize the validity of the application or any patent 
issuing thereon. 
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The amino-acid sequence of the precursor of the human tumour ceil line-denved plateict-denved growth factor tPDGF) 
-..chain has been deduced from comotcmcntarv DNA clones and tne ?ene localized to chromosome 7. Tne protein snows 
i-enstve nomoto^y to the PDGF 3-chain precursor. Egression or :r.c PDGF A-:nain %ene is tnaesenacnt of that ot :r.e 
FDGF 3 -chain in a numoer of human tumour ceil lines, ana secretion of a PDGF-like growrn factor of relative moiecuiar 
•nass 31.000 correlates with expression of A- but not B-chatn messenger RNA. 



Human platelet-derived growth factor (PDGF) consists ot' 
dimers of homologous polypeptide chains, denoted A and B 
(refs 1, 2). Whether PDGF is a hcterodimer or a mixture ot* 
homodimen ts not known, but tne dimer structure is functionally 
important, since reduction irreversibly destroys the biological 
activity of PDGF. Connective tissue-derived cells display high- 
arnnity cell-surface receptors for PDGF and respond to PDGF 
"oy receptor autophospnorytation, tyrosine phosphorylation of 
cytoplasmic substrates, increased cytoplasmic calcium con- 
centration, activation of protein icinase C, cytoplasmic 
:t'&atinization. reorganization of actin nlaments. specific gene 
t-.oression ana DNA syntnesis trevieweo in ref. 3). 

7!-.e B-chain orecursons encoded by tne c*ju gene, the cellular 
rrunteroart to tne transforming gene v-m of simian sarcoma 
■ :rus iSSV)**'"*. The human c-jlt gene nas been mapped to tne 
.cng arm of chromosome 22 (ref. 7) and has been shown to oe 
::anscnoea in several human tumour ceil lines 5 " 11 as well as in 
certain normal ceil types such as endothelial cells' 2 , placental 
:y^olropnoblasts ;, and activated macrophages'** 13 . 

The primary translation product of the v-jii gene undergoes 
•iimenzaiion and proteolytic processing at the N- and C- 
:erminals. yielding a product of relative molecular mass IM.) 
: -i.OOO I24K) which resembles a dimer of PDGF B-chains and 
s recognized by ami-PDGF antibodies 16 . There is ample 
evidence that S5V-induced transformation is mediated by a 
PDGF-Iilce growth faaor. First, SSV-transformed cells contain 
and release a PDGF agonise activity 1 7 "*\ Second, acutely SSV- 
:ransformed human fibroblasts are morphologically indistin- 
guishable from PDGF-stimulated cells, and more significantly, 
their transformed phenotype is reverted by the addition of 
a mi- PDGF antibodies to the culture medium 13 . Studies of the 
transforming protein of SSV have indicated that assemoled 
PDGF B-chatns alone form an active mitogen. Furthermore, 
ammo-acid sequence analysis of porcine PDGF has revealed 
that this dimeric factor contains only one type of chain, corre- 
sponding to the human B-chain : \ 



"* Prnem addresses: Ludwig Irumutc for Cancer Reicarcn. Bio* 
t mcdicum. 5*751 23 UpptaiA. S«cdcn iC.-H.H.); KabtGcn A8. Strand- 
> bergsgaian 49. S-U2 S7 Stockholm. Sweden (P.L.). 



EXHIBIT A 



Evidence tnat homodimers of PDGF A<hains also have o.o- 
logical activuv was recently ootained from studies of a PDGF- 
•ike mitogen released from a human osteosarcoma cell line. U-2 
OS This factor 3 which binas to the PDGF receptor, was found 
:o be a homodimer of a polypeptide chain that displays a 
chemical fragmentation pattern, chromaiograpntc behaviour 
and N-termmal ammo-acid sequence identical to that ot the 

PDGF A-chain : *. . 

We report here the comolete pnmary structure ot the PDCr 
Vchatn precursor deduced from its comoiementarv DNA 
sequence, its structural relation to tne PDGF B-chain precursor. 
:he chromosomal localisation of the gene and us egression m 
r.urnan tumour ceil lines. W« aiso oresent aata snowing tnat tr.e 
-r.euse of bioios-.cailv active 5K< POGF-iilce growin tac:ors =v 
human tumour ceil lines correlates wun PDGF A-chain out net 
3-chain gene expression. 

PDGF A-chain cDNA 

A AgtlO cDNA library was constructed using poiy(A)- RNA 
punned from the human clonal glioma cell hne U-30 
MGaC 1 2 : 5. This cetl line was chosen because it produces highe. 
quantities of PDGF receptor competing activity man do other 
ceil lines investigate*. An 36-base-pair (bp) oligonucleotide 
orooe i?OGF-A-;» corresponaing to the N-termtnus ot the 
PDGF A-chain ammooctd sequence l Fig. I) was syntnesixeo 
and used to screen the library (2* 10* ^^\^ 0 ^' 
•o« stnngencv. Of 43 positive clones. 4 hybndtzed to i 37-bD 
oligonucleotide probe (PDGF-A-2) directed against m.d. 
portion of the A-chain amino-acid sequence and were seiecteo 

for furtner analysis. - u . rt - n . 

DNA seouence analysis showed chat the four clone, overUo- 
? ed and conta.ned insert, of 300- MOO bp (no. shown. T> 

translation muiat.on site. Two addtt.onal ATC I mpleu * 
:fce 337 bp of t he 5" ^^^^ Z 
do not conform to tne consensus tor trarui** 

predict oniy short polypcP ll<ie5 - 
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Hf. I Nuci«oua« setsuericr and deducrt miao-iad %eauenc* 
of chc PDGF A-cfiaan o«ttnnineta from » i J-'*b cONA clone \ 01). 
An in-fntnt icrmmmuoQ cocon m me 5 *unir*ruia«<l region u 
undcrtinco. The PDGF A-cham cONA encoco a Ml-immo-Acid 
precursor. Connrmetl «mcn« of POGF A-cham im.ntwad 
lequcnce Urom ret'. 2) ire ocxea and differenca indicated w.tn 
dxth*d line*. Rotncaoo endonuaeoie rtcotmuoti ma wed m 
me sccuenonc procedure are M ™* « • m * 

the two olifonudeoud* prooes POGF-A-l and POGF-A-I u»«d 
10 identify POGF A-cnaiA cONAi were directed are indicated: 
impiics identity to the cONA iequence. Sox indicaie* tenmnauon 



W l^m »«l Cl« Art lL^i Sly »U na ^ CU ^[j a ** CTt 

ITt ii* IT A AAA Ui CTC CAC CIS ACC TT1 CAC U(. CAl ITC CAC TCC CCC TCC 

,40 «10 

tl« Tne T*r Ur Lav aam rp« Aa« Tjr Art CIh Civ 4a« Plf Clr *r« 

«5 CCC ACC ACA AGS CTC 44T CCS CAT TAT CSC CAA CAC CAC ACC CCA 4CC CCT 

*» "0 
irt CW W> Clr Ufa Lri Art Ura Aft Lya Ar« L*» Lra rr* H^r C 

174 iCC CAC TCI CCT 414 4A4 CSC AAA ICA 4A4 ACC TTA AAA CSC ACS T14 ACC 
327 ICCSAACSAC ATUTCACCTC ACCATClCCC CCaCCSSTTT CCTSCCACAr CCATCT1CAT 

• i47 CCCSTCTTIC 4TTCCTCAAC CTICTITCTI CCCTCCTTTi TTCCCACTCT aSCCTCTTTC 

« t <7 I I T,. LL 1CSS TCA444ACTC TCTCCCACA4 CACTCCCCAd AACAAACACA CJUCTQCACAT 

« t««ll I 

• /07 TTCTTT44TC TCACITCIAA CCA ACT 4 TTC TACCACTCCC TCAAflCACTl 4C AAOCTTC S 

•;»f TTCTCA4A44 ciririrtn caaaacaaaa aaaaaccaat TC 

The protein sequence matches thai derived by amino-acid 
sequencing of the PDGF A*chain 2 except at amino acid* 119', 
Ml and U3, found 10 be lie. Gin and Ser, respectively, instead 
of the previously assigned Val, Arg and Thr (Fig. 1). These 
discrepancies could be due to protein sequencing errors. 
Alternatively, as the cONA was obtained from a tumour ceil 
line, it is possible that the sequence deviates from that of the 
normal PDGF A-chain transcript. The ATG codon at position 
383 precedes a basic amino acid (Arg) followed by 13 hydro- 
phobic residues I Fig. 1 ). This is characteristic of a signal peptide 
sequence and is consistent with the observation that PDGF 
A-chain homodimers produced by human osteosarcoma cells 
are secreted :3J *. Comparison wuh preferred signal peptidase^ 
cleavage sites :x suggests that processing may occur between" 
amino acids Ata 20 and Glu 21. The N-terminai sequence of 
platelet PDGF A-chain is found at amino acid 87. indicating 
that a propeptide of 66 amino acids (44% charged residues) is 
cleaved from the orecursor to generate a 1 25 -ammo-acid A-chaih 
protein. This cleavage occurs after a run of four basic amino 
acids. Arg-Arg-Lys-Arg. Additional proteolytic processing may 

occur in the C-terminal region. 
EXHIBIT A 



Methods. Standard molecular bioio«y teenmoues «*ed where 
aoc otherwise indicated. The douoie-uxanded ONA prooe PDGF- 
A. I was symncsixed as cwo ovenaoennf 50-bo oligonucleotides 
and radiolabeled using Ca. i: P]-deoaynudeo**de mpnospnates 
and the KJeno» fragment of DNA polymerase L POGF-A-2 wai 
lYntnesixrd as a 37-base temoiate and a l2*baae comoiememarv 
pnmer and was radiolalKiled as PDGF-A-l. Bcxh olieonuoctxidei 
wre lynmesixetl uimg »oud-ona« pnoioru^dut mctnod- 
lofV 1 .^. human ctonai |lioma «,l line U04J.MGaCl2:6 -as 
the source of poiytA)' RNA. wmcn w« prepared using the 
UCUurea method modified as oacnocd el*ewftere . Ohto<d-n. 
pnmed lyntnesu of double-uranoed cONA w« P^ormed accord, 
in. to Gubler and Hodmaa-* J . Tht resuiun, cONA wu uraud 
with T4 OSA polymerase ^Biolahs) and subciocaed into fcoRl- 
cleaved AgllO using £coRI tinker*. Tlie recotnh-nani phage were 
pl««To« ExtvrJL coa C600hfl. Duplicaxe oitxocellulose niter 
UfU were hybridized «nth Ji P-lab«il«d otironucteood. prooes at 
TrTZin formamide. 5xSSC 50 mM sodium phospnate 
/H 7.0. 5 x Denhardfu 0.1% SOS. 100 ug tm 1 sonicated »lmon 
*Zrm DNA and washed in O.SxSSC 0.1% SDS at the same 

r^Tcuon fragments was determined by dideo.tynucleoude cnam 
terminauon alter suodomn, .mo Ml J pnage dcnv.uves. 



Humart PDGF is heterogeneous in relative molecular ma 
jequencinf Jhowed a unique A-cham N"»«""«* • . 
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"teauences ire unoertined^and rV-'glycoeyianoo, sues 
ire mined wun 4 v. N-tirauaai processing sues »m 
m anted vita arrow*. 



A-cnain 
fr-cnain 



4- cnain 

5- enatn 



A-cnain 
B-enain 



--nTICLES — — ' 

20 , 12 *o 



60 



I JO; 



TTtatswixuLAJicwisuaLTiJ^ 

210 

rawtsaaaimRixHn 



arc protected from rhethyiation J0 . Clone Dl carries 281 bp of 
3'-untransiated sequence ending with a (dGA) 4 repeat followed 
by a short poiy(A) stretch and EcoRI linker but no recognizable 
polyadenylation signal. Of four cONA clones sequenced, three 
terminate around this same position but a fourth contains a 
longer aGA repeat, extends 370 bp farther 3'. but also laefcs a 
poiyadenytation signal and poiy(A) tail (not snown). it is poss- 
ible that the three similar clones, including 01. axe pnmed 
internally on an oiigot A) stretch and reoresent a mRNA spliced 
:tfferenttv from tne clone wun the longer i' extension, a possibiU 
;y in agreement wun the presence of muittoie A-chatn iran- 
icnots l Fig. 3). The exact relationship between tne different 
clones and mRNAs remains unxnown, aithougn cDNAs in 
*mcn bases 968-1.036 (Fig. 1) are deleted have been identified 
. data not shown) and are believea to be the result of differential 
splicing. If translated, these clones predict an A-chain precursor 
15 residues smaller and lacking the basic C-termmal region. 

Relationship with the PDGF B-chain 

Comparison of the amino-acid sequences of the PDGF A- and 
B-chain precursors shows them to be similar in size, with an 
overall amino-acid sequence homology of 4QY© after insertion 
of several gaps in their N-terminal portions. A significantly 
higher degree of homology is seen in a region within the mature 
cnains: amino aads 89-181 of the A-chain is 56% homologous 
:o tne 3*chain tFig. 2). Notably, all eight cysteine residues are 
conservea wuhm me mature chains, implying a similar tertiary 
:;ructure. Accoroingiy, homodimers of either the B- or A-chatn 
can oina to me PDGF receptor. The basic region Vai-Arg-Lys- 
L/s-?ro ( amino acids 158-162) may oe relevant in this context, 
since basic polypeptides such as protamine sulphate and polyly- 
sine have been snown to compete with lU I-PDGF for binding 
:o the PDGF receptor' 1 . 

A significant degree of homology is also seen between pan 
of the N-terminal propeptide sequences, particularly a 10- 
amtno-acid stretch at position 39-44 in the A-chain precursor. 



The analogous region in v-iii is not essential for this gene s 
transforming function", tn addition, apparently identical 24K. 
B-chain dimers were formed in NIH 3T3 cells iransfected with 
v.ju constructs with or without the N-terminai propeptide 
region". Thus, it ia difficult to assign a role for this region in 
post-transiational processing of the two PDGF chains. 

While there is essentially no sequence homology between the 
precursor C-terminal sequences, both contain a high proportion 
of basic amino-acid residues (Fig. 2). Significant nucleotide 
sequence homology between the A- and B-cham transcripts is 
observe* only in those regions wnere tne ammo-acid sequence 
is strongly conserved. 

Hydrophobicity plots idata not showni indicate that the A- 
and B-chain precursors are hydrophilic proteins with two major 
conserved hydropnobic domains. The first corresponds to the 
signal sequences, while the second is located 28 and 34 residues, 
from the N -terminus of the processed A- and B-chain respec- 
tively (Fig. 2) and coincides with a 12-amino.aod conserved 
region in which there is only one difference Ule/Val) between 
the two proteins. 

Chromosomal localization 

Using 36 human-mouse somatic cell hybrids, we mapped the 
PDGF A-chain gene to the pter-q22 region of chromosome / 
(Table 1). No other growth factor genes have been localized to 
this chromosome. The PDGF B-cham gene ic-iui has been 
mappers' to the long arm of chromosome 22. Interestingly, arter 
duplication of the ancestral PDGF gene, tne A- ana B-cham 
genes nave acquired different cnromosomai localizations. 

PDGF mRNA expression in tumour ceils 
Northern blot hybridization analysis 

various human cell types shows that the «GF A-rtain mRNA 
is expressed in several of the transformed ceil lines examined 
bu"s not found in normal human fibroblasts or freshly isolate 



Tible I Distribution of ihe PDGF A-cham gene wuh human chromosomes in human-mouse cell hybndi 
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A PDGF A-chain cONA probe (done Dl) was nybridixed 10 Souihem blots containing £ct>Rl- or hW.„ ^ q( humaJI bands on me 

hybrids. Presence of the human PDGF A-chain gene in the hybrids was determine* by scoring the P^** BC * or A<hl j B ie ne. while me 
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is the baits for chromosome assignment. One hybnd. JSR-I7S. with a 7/9 translocation, indicates that tne ^ ^ m0UM cell lines* 

pier - q22 region of chromosome 7. The table is compiled from 39 ceil hybnds involving 14 unrelated human « ^ 
The hybnds were characterized by enromosome analysis, by mapped enzyme mincers and paruy by mapped 
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Become convened to 16.5-1. 



presence/ aosence of hybridizing mRNAs on Nortnern olota or spccucaily immunopn*aptuued 31K. proteins mat i 
Species on reoucuon. PDGF receptor compcung acuity of serum-fre. tumour crii^ooiuonea medium wis measure* " '^^^^ 
of added ^-labelled PDGF to human foresun fibroblast.^. Using a standard curve constructed trom rau '" ? 0 ™^ 
PDGF(5.:00n,m,-). PDGF receptor competing activity of the samples was convened to PDGF equivalents mg mi 

ictmty in serum-free tumour ceiLcondtuoned medium wis penonned a» docnocd previously m tne aosence or prcienc »g 
anu-POGF IgG**. ND. not determined. 

* Unpublished cell lines of Department of Pathology, Uppsaia, Sweden. 



peritoneal macrophages ( Fig. 3 ). The macrophages we used were 
not activated in vitro before RNA preparation: after activation, 
macrophages have been found to express c-jii and produce a 
PDGF-like growth factor 4,13 . AH positive cell lines display three 
major hybridizing bands, corresponding to transcripts of 1.9. 
2.3 and 2.3 kb. Certain human tumour cell lines have been 
-reported to express tne PDGF B-chain lc-.ru) transcript 1 " 11 . 
£ome of the ceil lines investigated here, such as the glioma 
'J-343 MGaCl2:6 ana the osteosarcoma line U-2 OS, express 
both types of transcnots. wnereas other ceil lines, such as the 
r n a o do myosarcoma RD and the giant ceil sarcoma B-3 GT, 
express only the A-cham mRNA, and the glioma U-563 MG. 
like normal fibroblasts and macrophages, expresses none. The 
A- and B-chain genes are thus regulated independently in human 
tumour cell lines examined. 

Secretion of PDGF-like growth factors 

The synthesis of PDGF-like growth factors bv human tumour 
cell lines has been extensively reported'* 1 --^-u-**-"- 1 *. These 
factors are ail 31 K proteins, split by reduction into two closely 
migrating 16.3K and 17JC bands (Fig. 4) 10 * 23 - 13 . They possess the 
biological features of POGF and are recognized by anti-PDGF 
antibodies. Our data show thai immu no precipitation of PDGF- 
like proteins from the conditioned medium of the human tumour 
ceil lines studied correlates with the expression of PDGF A- 
cnain but not B-chain mRNA (Table 2). This suggests that all 
of the PDGF-like factors detected by anti-PDGF antib dies in^ 
'.he medium of these human tumour cell lines are composed of*" 
only PDGF A-chains, despite the fact that some express b th 
A- and B-chain mRNA (Fig. 3). This view is supported by the 
detailed structural characterixaii n of the 31JC fact r secreted ^ 
by U-2 OS cells which showed it to be an A-<hain homodimer*. " 

Discussion 

Our study sh ws that the two constituent chains of human PDGF 
are encoded by genes located on different chromosomes, and 



thai both genes can be expressed independently in hum: 

tumour cell lines, . . 

PDGF is stored in the platelet a-granules and releasee 
conjunction with the platelet reiease reaction ( revteweo ,n ret 
It is believed to act as a mitogen for connective tissue c=:is 
-he sue of vascular injury. Homodtmers ot both PDGr A- i 
B.chains possess PDGF receptor agonist activity. What, tr.s 
fore, is the significance of the presence of both types ot cr.a: 
•n human PDGF? Studies of the B-cham nomooimer er.coc 
bv v-m and the osteosarcoma-denvea A-cham nomooimern: 
revealed differences in the emciency of secretion ana/ or amr. 
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.^etaooticauy laoeutd PDGF-Uke 
jrowtn ficton pi oau c rt by bumaa 
:umour ceils. The onpat ot (he cttl 
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analyse* on 13-18% SDS-ooiyacrytamiac |ets under reauang or non-reducing conditions. Dried |«U were exposed to Kodak XAR.J film 
for a- 7 da vi at -70 *C 



for a specific cellular compartment"- 34 , raising the possibility 
that structural differences oetween tne two chains serve different 
functions tn relation to storage, release and association with the 
plasma memorane. extracellular matrix and plasma pro* 
:eins' " Jf For e.xarnote. oocn types of homocimer are ototogi* 
cailv active out tnetr affinity for the POGF receptor may differ 
both from eacn otner and from tne putauve heterooimer. In 
fact, platelet PDGF appears to be more potent than the POGF- 
like factors punned from numan tumour ceil line-conditioned 
media tC.-H.H. et ax. unpublished results). Furthermore, in 
spile of evidence that the transforming function of SSVis exerted 
by an externalized v-ux product, no accumulation of POGF 
ag nist activity is seen in the medium of acutely SSV-trans- 
formed human fibroblast cultures, and ami- PDGF antibodies 
precipitate only lpw-,W. monomers from the medium of SSV- 
transformed cells" 5 . Apparently, after being released, the v-iis 
product remains associated with, or rapidly associates with, 
structures tn the cell membrane including the POGF recep- 
tor 11 * 1 *. The low.,Vf. monomers probably represent degraded 
v-m products. In contrast, intact 3 IK A-chain homodimers can 
be immunoorecioitated from human tumour cell-conditioned 
medium. The A-cnain mav tnerefore contribute to the staoility 
of POGF. 



The exact nature of the human POGF subunit composition 
and the significance of the presence of both A- and B-chainx 
remain unknown. The genetic basis for A-chain expression in 
human tumour cells is also unknown, as is its roit in tumour 
growtn. Severai non-transformed ceil types, endothelial ceils 11 . 
:YTotropnobiastx-\ smootn muscie ceils"* and activates 
macropHages''- 1 - have been shown to express the cm gene 
and/ or to release PDGF-like growtn factors. It will be interesting 
:o see whether the A-chain gene is expressed in thes« normal 
cells, and to determine the subunit structure of the secreted 
factors. Knowledge of the POGF A-chain precursor structure 
and access to PDGF A-chain cONAs as molecular probes win 
cenainiy contribute to the elucidation of such matters. 
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A. Animal calls. EcoRI fragments which contain the entire protein 
coding sequence for th A-chain and B-chain precursors were cloned Into pSV7d 
( Figures 4, 5 and 6) . CHO cells were transfected with saeh of these together 
with the amplifiable dihydrofolata reductase containing plasaid, pAD c«ll 
lines were isolated, grown up and assayed for PDGF activity using a 
radioreceptor competition assay which has a range of 10-100 ng/ml PDG? . 
Several of the cell lines transf acted with the B-chain construct, pSV7d-PDCF- 
31 ( Figure 4) , secrata 25-50 ng/al PDGF/2Ah. Similar results were obtained 
with the A-chaia construct, pSV7d-?DCF-Al02(13-l) .(Fijure^S) , which 
corresponds to the cDHA encoding the 196 amino acid precursor* 
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B. Sacchacogrcaa caravtstae* A syitchacic gana coding for ch* aacura B- 
chaia was clonad laeo ch€ ADH2-CAPDS prowcar <r-£aceoc laadar vaceoc 
( Ttgur- 7) , siaiiarly afcar ta ytero ttacagtttasis to gaaeraee Xbal and Sail 
sirea ac cha ends of ch* cvo dlffaraac aacura Archaloa, thaaa fragaaaej vara 
also cloaad iaco cha above yaaac axycasaico vaee r. Yaaae Craaaforaad irlch 



Exhibit E 
1 of 2 



these plaataide would be expected t synthesize a protein containing an NH 2 - 
ceminal or-facc r leader and COOH-terainal PDCP ehain separated by a Lys-Arg 
( Figures 8 . 9 and 10). Since this aolecule is targeted for secretion cleavage 
of the Lys-Arg by the yeast should result in secretion of th« mature growth 
factor. 
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Description 

EXPRESSION OF BIOLOGICALLY ACTIVE PDGF 
ANALOGS IN EUCARYGTIC CELLS 



Technical Field 

The present invention relates to the production 
of PDGF analogs in general, and more specifically, to the 
expression of biologically active PDGF analogs in 
5 eucaryotes. 



Background Art 

Human platelet derived growth factor (PDGF) has 
been shown to be the major mitogenic protein in serum for 
mesenchymal derived cells. This is well documented by nu- 
merous studies of platelet extracts or purified PDGF induc- 
tion of either cell multiplication or DNA synthesis (a pre- 
requisite for cell division) in cultured smooth muscle 
cells, fibroblasts and glial cells (Ross et al., Pj*AS 71- 
1207, 1974; Kohler and Lipton, Exp. Cell Res. 87: 297,1947 
Westermark and Wasteson, Exp. Cell Res. 98: 1™' 1976 
Heldin et al., J. Cell Phviol . 105: 235, 1980; Raines and 
Ross , J. Biol . Chen 257: 5154, 1982). Furthermore, PDGF is 
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a potent chemoattractant for cells that are responsive to 
it as a mitogen (Grotendorst et al., J. Cell Phyiol. 113* 
261, 1982; Seppa et al., J. Cell Biol. 92 : 584 , 1982). It 
is not generally the case that mitogens also act as chemo- 
tactic agents. Due to its mitogenic activity, PDGF is 
useful as an important component of a defined medium for 
the growth of mammalian cells in culture, making it a 
valuable research reagent with multiple applications in the 
study of animal cell biology. 

in vivo, PDGF normally circulates stored in the 
alpha oranules of platelets. Injury to arterial endothelial 
linings causes platelets to adhere to the exposed connec- 
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tive tissue and release their granules. The .released PDGF 
is thought to chemotactically attract fibroblasts and- 
smooth muscle cells to the site of. injury and to induce 
their focal proliferation as part of the process of wound 
repair- (Ross and Glomset, N. England Journal of Medicine • 

295: 369, 1976). 

It has been postulated that as a part of this 
response to injury, PDGF released by platelets may play a 
causative role. in the development of the proliferative 
lesions of atherosclerosis (Ross and Glomset, ibid.) which 
is one of the principal .causes of myocardial and cerebral 
infarction. Strategies for the prophylaxis and treatment 
of atherogenesis. in the past have been narrowly directed 
toward reducing risk factors for the disease, such as lower-. 
15 ing blood pressure in hypertensive subjects and reducing 
elevated cholesterol levels in hypercholesterolemic. 

. subjects. .' .-. 

Recent studies have shown that one of the two 
protein chains comprising PDGF and the putative transform- 
ing protein of simian sarcoma virus ( SSV) , an acute trans- 
forming retrovirus, appear to have arisen from the same or 
closely related cellular genes. In particular, computer, 
analysis of a partial amino acid sequence of PDGF has re- 
vealed extensive homology with the gene product. P 28Sis, 
25 of SSV (Doolittle, Katerfield arid Johnson, ibid.K .Fur- 
ther, more recent studies have illustrated that p28Sis and 
PDGF show antigenic as well as structural similarities (Rob- 
bins et al., Nature 305: 605. 1983; Niman, Nature .307:, 180, 

1984) . . 

Although, previous attempts, such as that sum- 
marized in Decreet al., (Cell 36: 43 ,. 1984), have been 
made to express the v-sis gene in a transformed micro- 
organism, they have not been successful .in producing, 
mitogenic material. More recently, investigators have 
35 described the production- of p28Sis in coli as a fusion 
orotein. (Wang et al . , J . Biol. Chem 259 : 10.64 S , .198.4 ) . 
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This protein appears to compete with PDGF for binding to 
PDGF receptor sites. While SSV transformed rodent cells 
have been shown to exhibit a mitogenic activity similar to 
PDGF (Deuel, et al . , Science 221 : 1348, 1983; Owen, et al., 
Science 225 : 54, 1984), it is not clear that this activity 
TTIuTto a gene product from SSV (i.e., P 28 ). 
Furthermore, cells transformed by a variety of viruses 
other than SSV produce a PDGF-like mitogen into the culture 
medium (3owen-Pope et al., PNAS 81: 2396, 1984). 

While natural PDGF may be isolated from human 
plasma or platelets as starting material, it is a complex 
and expensive process, in part due to the limited avail- 
ability of the starting material. In addition, it is dif- 
ficult to purify PDGF with high yield from other serum com- 
ponents due to its extremely low abundance and biochemical 
properties. Furthermore, the therapeutic use of products 
derived from human blood carries the risk of disease trans- 
mission due to contamination by, for example, hepatitis 
virus, cytomegalovirus, or the causative agent of Acquired 
immune Deficiency Syndrome (AIDS) . 

in view of PDGF's clinical applicability in the 
treatment of injuries in which healing requires the prolif- 
eration of fibroblasts or smooth muscle cells and its value 
as an important component of a defined medium for the 
25 growth of mammalian cells in culture, the production of 
useful quantities of protein molecules similar to authentic 
PDGF which possess mitogenic activity is clearly invaluable. 

in addition, the ability to produce relatively 
large amounts of PDGF would be a useful tool for elucidat- 
30 ing the putative role of the v-sis protein, P 28=is, in the 

neoplastic process. 

Further, since local accumulation of smooth 
muS cle cells in the intamal layer of an arterial wall is 
central to the development of atherosclerotic lesions (Ross 
35 and Glomset, ibid.,, one strategy for the prophylaxis and 
treatment of atherosclerosis would be to suppress smooth 
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muscle cell proliferation. The ability to produce large 
amounts of PDGF would be useful in developing inhibitors or 
designing specific approaches which prevent or interfere 
with the in vivo activity of PDGF in individuals with 
5 atherosclerosis. 

Disclosure of The Invention 

Briefly stated, the present invention discloses 
a DNA construct capable of directing the expression and 
10 secretion of biologically active PDGF analogs in eucaryotic 
cells. The DNA construct contains a transcriptional 
promoter followed downstream by a gene encoding a protein 
having substantially the same structure and/or mitogenic 
activity as PDGF , and a signal sequence capable of direct- 
15 ing the secretion of the protein from the eucaryotic cell. 
The gene may be the v-sis gene or a derivative of the v-sis 
gene of simian sarcoma virus or portions thereof which 
encode a protein having biological activity. Further, the 
derivative of the v-sis gene may be the portion of v-sis 
20 gene which is substantially homologous to the B chain of 
PDGF. in addition, the gene may be the human cDNA gene for 
PDGF or portions thereof encoding a protein having 

biological activity. 

Another aspect of the invention discloses a 
25 method of preparing biologically active PDGF analogs by 
introducing into a eucaryotic host a DNA construct capable 
of directing the expression and secretion of biologically 
active PDGF analogs in eucaryotic cells. The DNA construct 
contains a transcriptional promoter followed downstream by 
30 a gene encoding a protein having substantially the same 
structure and/or mitogenic activity as PDGF and a signal 
sequence capable of directing the secretion of the protein 
from the eucaryotic cell. Subsequent to introducing the 
DNA construct into the eucaryotic host, the method includes 
35 growing the eucaryotic host in an appropriate medium and 
then isolating the protein product of the gene from the 



eucaryotic host. " Eucaryotic. host cells, transformed, with 
such a DNA construct are also disclosed. •• . . 

The present- invention further provides a method- . 
for promoting the. growth of »a«alian cell, .through. . 
incublng the cells with a biologically activeP^^ 
expressed by a" eucaryotic cell transformed with a DNA 
obstruct capLle of .directing, the expression "re.on 
of biologically active PDGF analogs m eucaryotic ce^s 
The DNA construct contains a tr a nsc r i pt xo na 
Lllowed downstream by a gene encoding a protein, ha. ng 
substantially the same structure and/or mitogens act ivi ty. 
as PDGF and a signal sequence capable of directing the . 
secretion of the protein fro., the eucaryotic cell. ... 

in one embodiment of the invention, the 
eucaryotic cell may be a yeast cell, and the DNA.' construct 
m oro appropriately termed an extrachrornosomal element. : 

Other aspects of the invention will become 
evident upon reference . to the following ..detailed 
description and attached drawings. . -. 

Bf ipf.D e scrir ^"" " f The Drawings ' " . • 
Figure lAis a schematic restriction map. of the 

' proviral genome of SSV. • • 

Figure IB depicts the nucleotide sequence and 
predicted amino acid sequence . encoded by the v-sis region 

of SSV genome. ■.„f\-ni«. 

Figure 2 illustrates the construction .of a plas 

.id which contains the ME 1 promoter and secretory signal 
seouence upstream of the v-sis gene. ... ,. 

Figure 3 illustrates the construction, of plasmid 

Pl92 ' Figure 4 illustrates the oligonucleotide direct- 

ed deletion, mutagenesis of the amino terminal sixty-six 

v-sis codons. • . .. . '. ' . ' .:' 

Figure 5 illustrates the construction of plasmid 



Figure 6 illustrates the insertion of v-sis 
expression units upstream of the TPI terminator. 

Figure 7 illustrates the replacement of the M.-Cl 
promoter with the TPI promoter and inclusion of the V52<* 
construction in the pCPOT vector. 

Figure 8 illustrates the construction of plasmid 

pTVS2*T. e » a 

Figure 9 illustrates the constuction of a B 

chain expression unit VSB and its introduction into the 

pMPOT vector. . 

Figure 10 depicts the electrophoretic and 

subsequent hybridization analysis of total RNA l.ol.t.d 
from a yeast host transformed with various plasrnids probed 
with a nick-translated v-sis gene fragment. 

Figure 11 depicts the results of ELISA of 
concentrated culture media from the yeast .transformants 
containing plasrnids P VS*. P VS2*, pll7-2 and pCPOT. 

Figure 12 is a dose response curve of mitogenic activi- 
ty of concentrated culture media from yeast transformants 
containing plasrnids P VS* and p!17-2, compared to purified 
PDGF . 

Figure 13 is a dose response curve of POGF recep- 
tor binding by media concentrates from yeast tr.n.forM.t. 
containing plasrnids pVS*«. PVS2*m, pVSBm and P MPOT2 
comoared to authentic PDGF. 

Figure 14 is a dose response curve of mitogenic 
activity of media concentrates from yeast transformants 
containing plasrnids pVSBC-. pVS2«m, pVSBM. and pNPOT2 
compared to authentic PDGF. 

»»«t. Mode Fo r mrrvinq Out the Invention 

Prior to setting forth the invention, it may be 
helpful to an understanding thereof to set forth defini- 
tions of certain terms to be used hereinafter. 



Polypeptide : A polymer of amino 




Bea di„o Fra-e: The atranqea.nt oi nucUot.de 
a„a thus »»y „ lth an AUG coa.n. continues 

mrr^nrr^nc a^. a„a 

iO one of the transition termination codons. 

=.•■„. n--e- Dtlft sequences which in the 

of a protein. 

15 , . arv DNA • or cDNA . A DMA molecule or 

irTr^Tb^r^ synthesized from 

sequence whicn has De-n ti j 

^ „,cpnt in an mRHA template, 

sequences present m 

.1 QAn-ence: That portion of a 
r rrra fnr y S).on a1 Sequence. 

.„!„„ .cid sequence in tory > o£ the cell . 

its translocate into the s.cre y p lonll ,, u „i„„ 

Siqnal peptides ^enetaUy occu, ^ » , ^ 

terol „„s> ^^"X^i'c a-ino acids in their 
with a stretch of 9 10 nyar Drote olyticaLly 
' i n m V »ry often the signal sequence is proteo y 

i center- v-ry . r „. ss Q f secretion. 4 

cleaved from the protein during the process of ^ 

A Drotein molecule at the i 
rr " ^ Receptor: A protein 

r e ~ 1 ... .1,,, int-oracts with or -5 

surface of a cell which ^^£,^ ce . 0nce the i 
\ .; bi „ds a molecule approaching the cell ^ s •« ec ._ 

receptor has bound the cognate molecule, it 
\ : j fic chang es in the physiology of the cell. 
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Mitogen : A molecule wh ich " stimulates cells to ■ 
. undergo mitosis.. Mitosis is asexual somatic • cell -division 
leading to two daughter cells, each having the same number . 
of chromosomes as the parent cell. 

5 Transformation -. The process of stably and 

hereditably altering the genotype of a recipient cell or 
microorganism by the introduction of purified DNA. •- This is 
typically detected by a change in the phenotype of .the 
10 recipient organism. 

Transcription : .- The process of producing mRNA 
template from a structural gene. ; = . " 

Egression : The process, starting with a struc- 
tural gene, of producing its polypeptide , being a; combina- 
tion of transcription and translation, An -expression 
vector is a plasmid derived construction designed, to, enable 
the expression of a gene carried on the vector. 
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j piasmid : An extrachromosomal double stranded DKA 

i sequence comprising an intact "replicon" such that the 

j plasmid is replicated in a host cell. When the plasmid is. 

! placed within a unicellular organism,, the characteristics- 

! 25 of that organism may be changed or transformed as a result 

| o£ the expression of the DNA sequences of the plasmid- For 

f example, a F lasr.id carrying the .gene for tetracycline 

resistance UetR) transforms a cell previously . sens it ive to 
tetracycline into one which is resistant to it.. 

voast promoter : DNA sequences upstream from a 
yeast gene which promotes its transcription. 

biological Activity : Some function or set- of 
35 activities performed by a molecule in a biological- content 
I (i.e., in an- organism- or. an in vitro .f.acsimi le>,. In the. 
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case of PDGF, these biological activities include binding 
to cell surface receptor molecules, inducing chemotaxsis 
and inducing mitogenesis of responsive cell types. 

5 as noted above, human platelet derived growth 

factor (PDGF) has been shown to be a major mitogenic 
protein in serum. PDGF is known to be. composed of two 
polypeptide chains, an A chain and a B chain, which are 
held together by disulfide bonds to form the biologically 
10 active molecule. The A chain and B chain alone do not 
appear to exhibit any mitogenic activity, (Raines and Ross, 
ibid.) and attests to reconstitute activity by reoxidation 
of the reduced polypeptides have not been successful. 
Recently, the amino acid sequence of the B chain has been 
15 shown to be substantially homologous to a portion of the 
v-sis gene product, P 28sis (Doolitte et-al.. Science 221: 
275, 1983; Waterfield et zl . . Nature 304: 35, 1984; and 
Johnson et al., Embo 3: 921, 19S4). The homology between 
these two proteins strongly suggests that they are derived 
20 from the same or closely related cellular genes. 

Given the fact that the B chain alone is not 
biologically active and that previous attempts directed 
toward expressing v-sis sequences in coli did not yield 
mitogenic material, it would iot be expected that merely 
25 expressing a portio,. of the v-sis gene homologous to a 
portion of the PCGf gene in a microorganism would result in 
a molecule which exhibited mitogenic activity. The present 
invention however, unlike the previous attempts noted 
above, was designed to express the v-sis gene or portions 
30 thereof absent of heterologous sequences, such that the 
expressed molecules are more closely related to the B chain 
• of PDGF. Further, the expression system of the present 
invention was designed to produce the gene product via a 
eucaryotic secretory pathway. This enables the expressed 
35 protein molecules to '.e properly processed and assembled 
such that they exhibit biological activity. Indeed, the 



present invention, in contrast to previous efforts. . results 
in the secretion of PDGF analogs which are biologically 
active.- 

In its active form, PDGF is a heat stable protein, 
composed of heterogeneously ..si zed species o£ between 28,000 
and 31,000 Daltons, all of the individual species being 
active in and stimulating DNA syndesis -(Raines-" and 
Ross , ibid.; Deuel ef al., J. Biol, --hem. 256 : 8896 ... 1981;. 
Antoniades, PNAS.73: 7314, 1981).. Where individual, species 
withmolecular weights of 27,000; 28,500; 29,000; and 31,000 
Daltons have been isolated and assayed, they have been 
found to have comparable autogenic activity and. amino acid 
composition (Raines and Ross, ibid.) Forth, r , these 
species show extensive tryptic peptide homology..- Ihe 
5 slight variations in size among the species are .most prob- 
ably due to differences in carbohydrate composition and 
proteolysis. 

Through studies of. PDGF which has been .extensive- 
ly purified from platelet-rich human plasma, it i s. 1 i *e I y , .. 
0 as noted above, that PDGF is compcsed' of t wo; pol y.peptide 
chains, an A chain (14,000 Daltons) and a * chain (16,000 
Daltons), which are disulfide bonded togtftr.nr to form the 
biologically active dimer molecule (Haines fc Ros Deuel c- r. 
al., Antoniades, ibid.).. The PDGF nomenclature found in 
25 the literature is not consistent (Doolittle et al., Water- 
field et al., Raines and Ross, Johnsscn et al- , .ibid. I. 
The nomenclature of. Johnsscn et al., ibid.) where in the two 
polypeptides found .in pure FDGF are called A chain and B 
chain. The B chain is homologous to P 28*is an.d. was previ- 
30 ously called -peptide 1" (Waterfield et al . , ibid.) or "la" 
(Doolittle et al,, ibid.). The A chain was previously 
termed "peptide II" (Waterfield et al., ibid.) or "2a" 
(Doolittle et al.,ibid.). Data derived from a partial 
amino acid sequence of PDGF indicate that the two polypep- 
35 tide chains (A chair, and B cha in) show some, homology 
(Doolittle et al., ibid., Wa tor field et al;, .ibid., and 
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Oohnsson et .1.. ibid.. Antoniades and Hunkaplller. S^ence 
220 : 963, 1983). The A chain and 3 chain alone do not 
"ear to exhibit any Otogenic activity, and attempt, to 
reconstitute activity by reoxidaticn of the reduced polypep- 
5 tides have not been successful (Raines & Ross, ibid.). 

The v-sis gene, as mentioned above, is .he 
transforming gene of simian sarcoma virus (SSV). The v-sis 
gene has been cloned and its D NA sequence determined 
(Devare et al., PNAS 79: 3179, 1982; Devare et al.. PNAS 
10 80:731,1983). Analysis of this sequence revealed an open 
wading frame which could encode a 20,000 Dalton protein, 
designated P 28=is. Subsequently, such a protein was identi- 
fied in SSV infected cells (Niman, ibid.; Robbins, ibid.). 
The predicted amino acid sequence of the v-sis gene pro- 
15 duct. P 28sis, was found to have a high degree of homology 
with the actual amino acid sequence of a portion oE the B 
chain of FDGF (Johnsson, ibid.). The homology or the PDGr 
B chain to the v-sis gene product begins at amino 
of P 28sis, a serine, and continues for approximately 109 
20 amino acids to a threonine residue at amino acid ^175 The 
amino acid sequences preceding and following the B cnain 

of o28 sis are not homologous to either 
homologous region or p/» «" 

the A or 0 chains of mature PDGF (Johnsson, ibid.) In 
addition, PDGF and P 2 0 sis naV e been shown to be similar 

25 .ntig.nie.liy (Niman, ibid.; Robbins. ibid.,. The v-sis 
gene product, p23*is. a protein of approximately 225 amino 
acids, appears to be proteolytically processed to a protein 
of .proximately 20.000 Daltons (p2 0 sis, in SSV infected 
cells (Niman, ibid.; Robbins, ibid.,. This 20,000 Dalton 

30 protein, can be immunoprecipitated with antiserum against 

PDGF. " 

As noted above, previous attempts at expressing 

v-sis sequences in prokaryotes did not yield biologically 

active material. Further, the v-sis gene product P 28 , 

35 as well as PDGF itself, are secreted mammalian proteins. 

in order to achieve biologically active material, the 
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present invention utilizes the secretory pathway of 
eucaryotic cells to express the v-sis gene and derivatives 
of the v-sis gene. Expression and secretion of the v-sis 
gene product from a eucaryotic cell enables processing and 
assembly which results in molecules with native and active 

conformation. 

The secretory pathways of most eucaryotes are 
believed to be similar. In particular, mammalian cell and 
yeast cell secretory pathways are well characterized and 
are homologous. The presence of a secretory signal 
sequence on the expressed polypeptide is an important 
element in eucaryotes, due to its role in introducing the 
molecule into the secretory pathway, thereby leading to 
proper assembling and processing. Provided that appropri- 
i ate transcriptional promoter and secretory signal seqjences 
are utilized, generally any eucaryote could express and 
secrete the v-sis gene product in a biologically active 
form. 

An aasily manipulable and well characterized 
eucaryote is the yeast cell. For these reasons, yeast was 
chosen as a model example of an appropriate eucaryotic cell 
within the present invention. Accordingly, the v-sis gene 
and fragments thereof encoding the 109 amino acids with 
homology to the PDGF D chain were inserted into yeast 
extrachromosomal elements containing a yeast promoter 
capable of directing the expression of biologically active 
PDGF analogs. In accordance with the present invention, 
the yeast promoter is followed downstream by a fragment of 
the v-sis gene which encodes a protein having substantially 
the same structure and/or mitogenic activity as PDGF. 

Genes which encode a protein having substantially 
the same structure and/or mitogenic activity as PDGF in- 
clude the v-sis gene or a derivative of the v-sis gene of 
simian sarcoma virus < SSV ) or portions thereof or the human 
35 CDMA gene for PDGF or portions thereof. Specifically, DNA 
sequences encoding polypeptides substantially homologous to 
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the B chain of PDGF are preferred, . The genes to be 
utilized in the. extrachromosomal element may be isolated 
using standard recombinant DNA techniques. 

The human- PDGF. cDNA gene may. be isolated, from a 
5 human cDNA library made from an appropriate source of mes- 
senger RNA by using the v-sis gene or a fragment thereof as., 
a hybridization probe. Apreferred source of mP.NA is human, 
umbilical vein endothelial cells. These cells can be ..cul- 
tured in vitro for short- periods of time and are known to- 
10 secrete PDGF into the culture medium (biCorleto and.Bcwen- 
Pope, PNAS 80: " 19 » 1983) ' The identit * ° f this cDNA . gone 
as that encodinq PDGF may be verified by DMA sequencing. ... 

Promoters which may be utilized in yeast include 
the yeast alpha-factor CMRstt) promoter and the yeast triose 
15 phosphate isomerase ITFI) promoter. Promoters may also be 
obtained from other yeast genes, e.g., Alcohol • Dehydro- 
genase 1 (ADHD, Alcohol Dehydrogenase 2 (ADH2). 

The constructions described herein were designed 
such that the v-sis gene product would be secreted from. the 
20 yeast cell into the media. . This was accomplished through 
use of the secretion signal sequence of the yeast mating 
pheromone alpha-factor (Kurjan and Herskowitz, Cell .30: 
933 , 19e2; Juliuset al . , Cell 36 : 309, 1984; and Brake, et 
al , PNAS 81: 4642, 1984 > although other secretion signals. 
25 may' be used. To ensure the ef ficient transcription termi- 
nation and polyadenylation of mRNA , a yeast terminator 
sequence, such as the triose phosphate isomerase termi- 
nator, was added. (Alber and Kawasaki, J. Holec. Genet; 

ADPl. 1: 419", 1982.) ' .' 
30 Once an appropriate 'DNA fragment containing the 

gene of interest is identified, it is ligated to an .appro- 
priate promoter and secretory signal fragment. Methods, of 
' ligation of DNA fragments have been amply described 
(Maniatis et al.. Molecular Cloning : A Laboratory^mjal , 
35 Cold Spring Harbor Laboratory 1932) and are well within the 
skill of those of ordinary skill in the .art to perform. 
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After preparation of the v-sis expression constructions, 
the constructs are inserted into a yeast expression vector. 

The replicating plasmid YEpl3, containing an 
origin of replication and a selectable marker, the LEU 2 
5 gene, was used for the initial expression constructions. 
The use of the selectable marker LEU 2 in yeast cells defi- 
cient in their ability to synthesize leucine allows for the 
positive selection of those cells containing the £^2 
plasmid by their ability to grow on minus leucine growth 
10 media. Although these constructions directed the expres- 
sion of a product having some mitogenic activity, it is 
preferable to use an expression vector which is more stably 
maintained within the host cell in order to produce more 
mitogenic activity per culture. 
15 suitable yeast expression vectors in this regard 

are the plasmids pCFOT and pMPOT, which include the 
c .M,o S accharonyces oombe gene encoding the glycolytic 
^mTtriose ph^hate isomerase (POTl gene). Inclusion 
of the POTl gene ensures the stable maintenance of the 
20 plasmid^ an appropriate host cell due to its ability to 
comolement the corresponding gene deletion present within 
this host cell. in addition, the MF6U promoter was 
replied by the saccaromvees cerevisiae TPI promoter with 
the intention of further increasing transcription and 

25 expression. 

After preparation of the DNA construct incorporat- 
ing the TPI promoter, the alpha factor signal secretory 
signal sequences, the appropriate segment of the v-sis gene 
or the human cDNA gene for PDGF, and the TPI terminator in 
30 an appropriate vector, the construct is transformed into 
the yeast host with a TPI deletion. Procedures for trans- 
forming yeast are well known in the literature. 

The transformed yeast cells may be selected for 
by growth on conventional complex medium containing glucose 
35 when the pCPOT vector is utilized. A conventional medium 
such as VEPD (20 grams glucose, 20 grams Bacto-peptor.e, 10 
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t liter) may be used. Once selected, 
g rams yeast extract per li ^ * ^ sion constructions 
tr .„.for«nt. containing the conventional complex 

are grown to stationary ph." concentrated 
me dia, the cells re»ov d, and and 

. „ that authentic human pd^ A ntoniades 
Noting tnat au Ross ibid., 

hydr o P hobic prPtein " * > ^ _ expected that the 

ibid.. Deuel et al.. 1981. f characte ris- 

ative yeast product would , po.. hydrophobic chrom- 

tics. allowing it to he con ^ ^ chemi . 

, atography matrix such as C8 -P 

cals AD. Uppsala. Sweden.. ^ detnonstra ted 

Using a variety o expressing the v-sis 

that gro wth media « ^cT^tu!tl.. identical to 
derivatives possess. 
.5 authentic human PDGF lly ac tive v-sis deriva- 

EXPreSS - eel s other than yeast can be achieved 
tive s in eucaryotic cells oth ^ appropria te 

by a person .Kill.d 10 ^Vanscriptional promoters 
expr ession/regulatory signals ^ ^ ^ ^ 

20 capable of ^ ve efficient and/or regulated 

ch osen for their ability t 9 eucaryotic ceU type. Signal 
expression in the particular e y ct intQ 

se uences capable of directing , e ^ ^ 

the cell's "« et ° ry e f 1 th ;;; e . other useful regulatory 
25 in the appropriate cell ty . nation signa ls, poly- 

signals, such •• «"■« ^ ptio nal enhancer sequences 
. adenylation signals and P .„ the appr opriate cell 

' - alS ° i° n of which would be apparent to an 

type, the selection o 
30 individual .kill- in the art. ^ con 

The techniques of cel1 have the num ber and 

S iderably in the last ^"^^ groW in culture, 
varieties of mammalian cells wh derstandin g of the 

Central to these advances and gro wth fac- 



198 0, . Th* types , of cells able to grow x ? culture can be.- 
crudely classified in two groups:, normal and- transformed 
So-caUed "normal" cells are generally not., xmmortal x 

Lure, t h ey d.not for m when injected in^n^a 

and they retain a normal diploid karyotype. Normal ce.ls 
my also retain much of their differentiated character 
culture.'. Within the category of normal cells are those 
which will only grow for a limited number of generates ; , . 
culture, termed "cell strains" or -primary cultures Some 
n rmal cell lines, while not meeting all the , crxter, 
transformation, may grow indefinitely xn culture. . Tran. 
formed cells are immortalized for growth- xn culture 
typically have lost their differentiated Phencty^a 
h Le quired Uaryotypic aberrations. They may- also be 
independent of anchorage for growth and induce tumors whe . 

Icted into the appropriate host animal. Cells xn any o 
these categories which grow in vitro and possess PDGF 
receptors will be responsive to the PDCK analogs of t his 

invention - w*-** ^ 

d emonstrates the construction of a v-sis "^.n. ^ 
pSSV-11 in the E, coli replicating pla.snnd P UC13, subse 
q ently designated pVSIS/Pst. EXAMPLE i t demonstrates th 
construction of the plasmid pVS*. which includes th. lo- 
tion of v-sis to the MF«1 promoter and secretory signal 
sequence. ' S*tm*Mi demonstrates the . ol iganucl.eot ide 
d Lcted deletion mutagenesis of the first 195 base pax s 
e£ the v-sis gene using a technique which employ^ sxng 
stranded bacteriophage Ml 3 , in order to elimxnate th. _f«.t 
> sixty-six amino acids of the v-sis gene proauct , P 23 .. 
. ich are not homologous to ,he B chain, of. POOF- * • 
xng phage with the correct deletion was designated * 
txAMPLE IV demonstrates the construction of the plasmxd 
DVSB. EXAHPLE_V demonstrates the incorporation ..of the 
35 v-sis related constructions described in Examples II- and 
UI into the yeast replicating vector VE P 13 ..and .adoxtxon of 



17 



yeast TPZ terminator sequences. Subsequently, VS2* 
sequences were inserted into the plasmid pCPOT, which 
ensures the stable .maintenance of the plasmid in the host 
cell This plasmid was designated p!17-2. EXAHPLE_VI 
5 demonstrates the transformation of yeast host cells with 
the plasmids VEpVS*, VEpVSW. pll7-2 and control plasmids 
p270 and pCPOT. and subsequent transcriptional analysis. 
EXAMPLEVII demonstrates the concentration of the spent 
yeast growth media from cultures containing the v-sis 
10 expressing transf ormants and their subsequent analysis .or 
PDGF-like material by the ELISA, radioreceptor and 
nutogenesis assays. Clear evidence is presented that these 
. yeast media containing the v-sis related gene products, 
described herein possess biological activities identical to 

15 authentic human PDGF. 

• The following examples are offered by way o. 

■ illustration, and not by way of limitation. 

EXAMPLES 

Unless otherwise indicated, standard molecular 
biological methods were used. Restriction endonucleases 
,,d other DNA modification enzymes (i.e., T< polynucleotide 
kinase, calf alkaline phosphatase, Klenov, DNA polymerase) 
were obtained from Bethesda Research Laboratories, New 
Enoland Biolabs, Boehr inger-Mannhiem or Collaborative 
Research and were used as the manufacturer suggested unless 
indicated otherwise. HIS phage and pUC plasmid vectors and 
appropriate host strains were obtained from Bethesda 
Research Laboratories. E, coU cultures were transformed 
by the calcium chloride method of Dagert and Ehrlich (C^ 

6- 23 1979). Yeast cultures were transformed as descrioed 
;i Beags (Nature 221: 104, 1976). Plasmid and HIS reolica- 
tiv. f'orm (TTTol* were prepared from B, coU transf ormants 
by the method of Birnboim and Daly ( HnHHr Acids Research 

7- 1513 1-79). Sinole stranded Ml 3 phage DNA was pre- 
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pared as described by S. Anderson ( Nucleic Acids Resear ch 
13- 3015, 1981). DNA fragments were extracted from agarose 
7eis by the method of J. Langridge et al. ( Annlvt. Biocnem. 
103- 26<, 1980). DNA sequencing was performed by the dide- 
o7y method on Hi 3 templates (Messing, K.th. in Enzymoloq y. 
101 ; 20, 1983). 

EXAMPLE I 
Subcloning of V-SIS from pSSV-11 

The SSV retroviral genome was cloned from SSV-11 
nonproductively infected normal rat kidney <HRK> cells 
which had SSV integrated into their genome (Devare et al . , 
1982. ibid.). The SSV DNA was isolated as a 5.8 kilobasa 
(kb) Eco RI fragment and subsequently inserted into the 
plasmid PBR222. resulting in the clone pSSV-11. This clone 
was obtained from S. Aaronson (National Institutes of 

Health, Bethesda, MD) . 

Figure 1A is a schematic restriction map of .he 
5 8 kilobase proviral genome of SSV. Only the restriction 
sites relevant to the present invention are indicated. The 
open box designates the P 2 8 sis codi ng portion of the v-sis 

gene. 

Figure IB depicts the nucleotide sequence of the 

v -sis oene and some flanking SSV sequences. The v-sis gene 
is inserted IS nucleotides 3" of the putative ATG initia- 
tion codon of the envelope (e.nv, gene of SSV (Devare et 
al 1982, ibid.). It is believed that transcription and 
translation of v-sis sequences are directed by SSV 
sequences resulting in an env-sis fusion protein. The 
nucleotide sequence shown in Figure IB is corrected from 
that published by Devare et al. in 1S82 (ibid.). The 
corrections include these made by Devare et al. in 1983 
(ibid.) and by the inventors herein. The original number- 
ing scheme of Devare et al. (1962, ibid.) is retained here 
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for ease of reference. The numbers assigned to the restn.c- • . _ 
. tion sites in Figure 1A are from Figure IB. 
C A subclone of pSSV-11 (Figure .2) containing a. 

^ portion of the v-sis gene was constructed in. the ffiU 

5 replicating plasmid pUCl3<Vieira and Messing .; : . L 

259 , 1982; and Messing, M-th." in Enzvnolggg 101.' 20,. 1983). 
Five micrograms - (ug) of pSSV-11 was digested with the 
I ■ restriction endonuclease Pst I and the 1 .2, kb fragment con-. , • j 

i taining sequences numbered .454-1679 (Figure 1) was purged ; . ■ 

10 by agarose gel electrophoresis (Q.9 % , and, 6 xtracted fro. . 
tne gel with cetyltr imethylammonium bromide { CTAB plus 

1 ^ r ikij r Two ug of pUCl3 was 

butanol (Langridge et al., ibid.). Two ug i. ..P . 

also digested with Pst I, phenol/chlorof orm ( CHCl 3 •. . , . 

! ex tracted and ethanol (EtOH) precipitated. Forty ng of -j 

15 the .2 kb v-sis fragment and 50 ng of Pst. I cut . pl)C13 j 

! were'ligated overnight at room temperature with 40 umts j 

! (u , of T4 DHA ligase. The ligation mixture was used to | 

f transform coli K-12 strain JMC3 (Messing, Recombinant- j 

> DNA Technical Bulletin, NIK Publication No. 79-009, .2', No. .: 

il 20 2 , 43-48, 1979) in the presence of S-bromo^-ch.oro, 3- .« 

1 indolyl-B-D-galactoside (X-gal) and isopropyl. B-D-thio- .. . , 

oalactoside UPTG) . Placid DNA prepared, f ronr ampicx.lin , 

i resistant white colonies was digested with Pst I to verify . ; 

I the. presence of the insert and the resulting plasmid was • j 

25 designated pVSlS/Pst. 
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EXAMPLE II i 

Construction of the Plasmid pVS<* \ ;| 

Preparation o£ V-SIS for Fusion to.KFVi. . | 



' ! Six hundred ug of plasmid pSSV-11 (Figure 2) was - ,| 

digested with restriction endonucleases. »am. HI and Pvu II ; . . 4 

• 35 in 200 microliters (ul) of 50 mM KaCl, 10 *M MgCl 2? 10 m» ; • , ; jj 

Tris P H 7.5 (medium salt buf f er ) , and 1 0 0 u ■•<,/«! bovine . . | 



•I". 
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serum albumin <BSA), overnight, at 37«C. The digestion pro- 
ducts were electrophcresed through a 1.1% agarose gel and 
the 1100 base pair (bp) Bam Hl-Pvu II fragment (Figure 2) 
cut out. extracted and EtOH precipitated. The DMA pellet 
was dissolved in 75 ul Hph I buffer to which was added 20 
ul of 1 mg/ml BSA and 5 ul Hph I. After overnight digestion 
at 37°C the mixture was electrophcresed through a 1.254 
agarose gel and the 396 bp Hph I-Pvu II fragment isolated 
from the gel and EtOH precipitated. The DNA pellet was 
3 dissolved in 30 ul of Klenow buffer (6mK Tris pH 7.5, 6 mH 
KgCl 2 , 60 mM KaCl) and the 3' overhanging nucleotide at the 
Hph I cleavage site removed by treatment with 5 u of Klenow 
polymerase for 5 minutes at 37«C. One ul of a mixture 
containing all four deoxyribonucleotides each at 1 mM was 
5 added and the reaction mixture incubated an additional 10 
.ninutes. After phenol/CHCl 3 /ether (Et 2 0) extraction and 
EtOH precipitation, the DNA pellet was dissolved in 30 ul 
of medium salt buffer and digested with 5 u of Bgl II for 
three hours at 37°C. The DNA was electrophoreses through a 
>0 1.25% agarose gel and the 269 bp Hph I - Bgl II fragment 
extracted and EtOH precipitated. The Hph I cleavage 
terminus of this Klenow blunted fragment begins with the 
tri-nucleotide sequence 

5'ATG (Figure 2) 

3'taC 

25 

B. MF*1 Promoter and Secretory Leader Fragment. 

Plasraid P 192 (Figure 3) comprises a portion of 
30 the gene for the yeast mating pheromone ^-factor <MF«tl 
gene) cloned in the bacterial plasmid P UC13 (Vieira and 
Messing, ibid.; and Messing, Meth. in Enzymglo^ 101: 20, 
1983) . Cloning of the MF 1 gene from a genomic library has 
been described by Kurjan and Herskcwitz (ibid.). The gene 
35 was isolated in this laboratory in a similar manner, using 
as starting material a yeast genomic library of partial Sau 
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3A fragments cloned into the Ban, HZ site of Vepl3 (Nasmyth 
and Tatchell, Cell 19: 753. 1980). From this library, a 
plasmid was isolated which expressed OC-f actor in a diploid 
strain of yeast homozygous for the m^ 2-34 mutuation 
(Manney et .1.. ?. Cell Biol 96: 1592. 1983,. The clone 
contained an insert overlapping with the HFCCl gene charac- 
terized by Kurjan and Herskovitz (ibid). This plasmid, 
known as P2 A2 (Figure 3,. was cut with Eco RX and the 1700 
bp fragment comprising the MFOd gene was purified, 
fragment was then subcloned into the Eco RX site of P UC13 
to produce the plasmid pl92. 

Fifteen ug of plasmid P 192 was digested in 30 ul 
of medium salt buffer with 20 units of Hind XIX overnight 
at 37-c The reaction mixture was diluted to 60 ul with 
15 Klenow buffer and the four deoxyribonucleotides addea to a 
final concentration of 50 uM each. Ten units of Klenow 
polymerase were added to the ice.cold mixture and incuba- 
fion allowed to proceed 12 minutes at 15«C. Following 
phenol/ChCl3/Et 2 0 extraction, the aqueous phase was concen- 
trated by lyophilization to a volume of 10 ul and digested 
with 20 units of Eco RX for 70 minutes at 37'C. The 
products were electrophoresed through a 0.9% agarose gel 
and the 1.2 kb Eco RI-Hind III (blunted) MFOa fragment 
extracted and EtOH precipitated. This DNA fragment contains 
the transciotional promoter and secretory signal sequences 
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C. Preparation of v-sis 3' Sequences and Cloning 
Vector pUC12; Fragment Ligation. 

Twenty ug of plasmid pVSIS/Pst was digested with 
B gl II and Xba I in 40 ul of medium salt buffer. Subse- 
quent electrophoresis through 1% agarose, extraction of the 
DNA and EtOH precipitation provided the purified v-sis 756 
bp Bgl II-Xba I fragment (Figure 2). B. coli replicating 
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plasmid pUCl2 (5 ug) was digested with Eco Rl and Xba I and 
gel purified as above (Figure 2). 

Referring to Figure 2, equimolar amounts of the 
four DNA fragments described above, adjusted to 10 ng of 
the 296 bp Hph 1-Bgl H v-sis fragment, were mixed in 15 ul 
of ligase buffer (6 mH Tris pH 7.6, 6 .6mM MgCl 2 , 0.4 mH 
ATP, 2 mH spermidine, 20 mM D.TT, and 100 ug/ml BSA) and 
ligated with 40 units of T 4 DNA ligase overnight at 14°C. 
The reaction mixture was brought to room temperature, an 
additional 150 units of T 4 ligase added, and incubated 10 
more hours. Seven ul of the ligation mix was used to trans- 
form E. coli K-12 RR1 (ATCC i31343; Bolivar, E. et al . , 
Gene 2: 95, 1977), and ampicillin resistant transformants 
TTTected. Plasmid DNA was prepared from 12 such bacterial 
colonies and digested with Xba 1. Two clones gave a -2.2 
kb band predicted by the proper fragment alignment (Figure 
2) . Further analysis of these by Bgl Xl-Xba I restriction 
mapping gave expected bands of approximately 1.5 kb from 
the MFUl/v-sis fusion and 760bp for the Bgl IX-Xba I v-sis 
fraa7ent. DNA sequence analysis verified the desired nu- 
cleotide sequence at the MFKl/v-sis junction. The resul- 
tant plasmid was designated pVS*. 
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Oligonucleotide Directed Deletion 
Mutagenesis of 66 Amino Terminal 
v-sis codons 

Homoloay between the v-sis protein P 2&si-s, and 
PDG" begins at amino. acid 67 of P 2B=i*, a serine residue 
corresponding to the NH 2 terminal residue of the PDG.F B 

chain (Johnsson, ibid.) 

Proteolytic processing of the MFX1 primary trans- 
lation product occurs at the Lys-Arg cleavage signal 85 
amino acids from the initiator methionine (Kurjan and 
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Herskowitz," ibid.). A v-sis derivative was constructed in 
which the first 66 codons of p2 8 sis were removed such that 
serine residue 67 of v-sis immediately follows the HF*1 

Lys-Arg processing signal, 
c Referring to Figure 4, approximately 40 ng of the 

oel purified 2.2 kb Xba I fragment of pVS* was ligated with 
120 ng of Xba I digested, alkaline phosphatase treated 
Ml3m P ll DMA (Messing, H,th. in En«y«nolo«jr. ibid.). The 
ligation fixture was used to transform *-» 
10 OM101 CATCC 33876 , in the presence of X-ga. 

isolated white plaques were picked and used to infec- 3 ml 
cultures of log phase growth jkIOI cells. Replicative Form 
< R? > DNA was prepared and clones identified which carried 
r the insert fragment in the sane orientation as the positive 

^ 15 (+ , strand form of the single stranded nature phage. 

Single-stranded phage DNA was prepared from one such clone 

and designated ir.llVS*. 

To precisely remove codons 1-66 of v-sis, oligonu- 
cleotide directed mutagenesis was performed essentially 
according to the two pri«r method of Zolier (Zoller, et 
al M ,n„.l for Advanced Tfrhni ones in Hoi ecular. Clon^nc. 
Course, Cold Spring Harbor Laboratory, 1983). Oligonucleo- 
tide ZC 130 3' AGAAACCTATTTTCCTCGGACCCA 5« was synthesized 
on an Applied Biosystems 380-A DNA .ynthesi.er Fifty 
pnoles of ZC 130 were kinased in 10 ul of kinase bu.rer 
■CBRL) with 4 units of T 4 polynucleotide kinase .or 45 
minutes at 37'C. The enzyme was inactivated by heating at 

65°C for 10 ainutes. 

One-half pmole of mllVSOf. was annealea with 1 
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ibid.,, except that the annealing mixture was first heated 
to 65'C for 10 minutes, shifted to 37'C for 10 minutes, and 
then quickly chilled on ice. The annealed mixture -a. . then 
35 treated with Klenow polymerase as descrxbedby Zoller 
(ibid., to create circular duplex DNA. Portions of the 



elongation mixture" were used to transform E_. coh K12 OM 
101 cells. The resulting phage plaques were screened for. 
the proper deletion by transfer onto nitrocellulose filters 
and subseauent hybridization with 32 P phosphorylation ZC 130 
5 at 65°C. Correctly juxtaposed sequences formed stable 
duplexes- with the radioactive probe at the -stringent 
hybridization temperature employed. Approximately 1% of -.. 
the transformants screened gave positive signals by 
autoradiography. Ten clones were plaque-purified and RP 
10 DNA was prepared for restriction enzyme analysis. .Five 
isolates showed the expected decrease in size of 195- bp to. 
thel4S0 bp Hind IIX-Bgl II fragment (Figure 4). DNA 
sequence analysis of two isolates confirmed the correct 
fusion junction had been made,' thus maintaining the proper 
15 translatipnal reading frame. One of these phage was 
designated ml 1VS2«. 

EXAMPLE IV 

20 . construction of the Plasmid pVS3 

Because the product encoded by. pVS* is larger 
than authentic human PDGF B chain and because a. smaller, 
product might result in higher expression levels in a 
25 transformed yeast host cell, a vector was constructed 
comprising the v-sis sequence of P VS2X truncated at the 3 
end. The polypeptide encoded by this sequence comprises, 
amino, acids 67 to 17S of P 28sis and is homologous, to the B 

chain of PDGF. . '. ' . •; a 

30 'An expression vector containing this B chain 

sequent was constructed, by combining elements of the pVS2* 
expression unit' with a- partial v-sis gene and a synthetic 
double-stranded DMA fragment encoding amino acids 158 *o 
175 of p28sis. This synthetic fragment. was designed to 
35 substitute preferred yeast cedens for many of • the 1 3 v-si s 
codons it replaces,. and to supply "a stop eddon. at the end. 
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of the coding sequence. The construction of this vector is 
illustrated in Figures e and 9. 

Plasmid YS P VS2 was digested with Pst 1 and Bam 
HI and the 1.8 kb fragment comprising the partial MF 1, 
v-sis, and TPI terminator sequences was purified by agarose 
gel electrophoresis. Plasmid pICl9R (obtainable from Dr. 
J. Lawrence Marsh. University of California, Irvine), 
comprising the polylinker shown in Chart 1 inserted into 
the Hind III site of P UC19 (Horrander et al.. Gene 26: 
101-106, 1983), was digested with Pst I and Ban, HI, and the 
vector fragment was gel purified and joined to the 1.8 kb 
fragment from to produce plasmid P VS2KT. 



CHART 1 



Eco R l Eco RV Bgl II Sa c I Hind III 

Cla I Xba I Xho 1 Nru I 

Plasmid P M220 was digested with Bgl II and Pst I, and the 
ca 1 kb fragment comprising the TPI promoter and the 5- 
portion of the MFtfl sequence was isolated and cloned in Bgl 
II + Pst I digested P IC19R. The resultant plasmid was 
digested with Cla I and Pst I, and the TPI promoter - MFK1 
fragment was gel purified. Plasmid P VS2*T was then cut 
with Cla 1 and Pst I and joined to the TPI promoter - MF*1 
fragment. The correct construct was identified by the 
presence of a 2.6 kb Cla I - Bam HI fragment and was 

designated pTVS2«T. . 

Ten ug of plasmid pVS* was digested with Xma I 
and Sph I to completion. The resulting ca. 4.9 kb vector 
fraoment, which also comprises most of the v-sis sequence, 
was 'purified 'by agarose gel electrophoresis, extraction of 
the DNA and EtOH precipitation. 

in order to supply a new 3' terminus for the 
v-sis sequence, a double-stranded DNA fragment was 
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constructed from oligonucleotides synthesized on an Applied 
Biosystens Model 3S0-A DNA synthesizer. 0.7 pmole of 
oligonucleotide 2C299 (Table 1) was heated with an 
equimolar amount of oligonucleotide ZC300 in a volume of 
10 ul containing 40 mM NaCl for 5 minutes at 65°C. 



TABLE 1 



2C299: 5'TAAG TGT GAA ATC GTT GCC GCG GCT AGA GCT GTT ACC 
TAA TCT AGA ^ ' 

ZC300: 3'GTACA TTC AC\ CTT TAG CAA CGG CGC CGA TCT CGA CAA 
TGG ATT AGA TCT GGCC 5 ' 
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The mixture was then incubated at 37'C for 5 uunutes and 
allowed to cool to room temperature. 0.2 pmole o, the 
purified 4.9 kb vector fragment was added, the mixture 
ligated for 18 hours at 12'C and used to transform E. coU 
HD101 (ATCC 33694) to Ampicillin resistance. DNA was 
prepared from AmpiciUin-resistant colonies and digested 
with Bgl II and Xba I. After electrophoresis through 
agarose, the desired clone (known as pVSKB) was identified 
by loss of a ca. 7 50 bp. Bgl Il-Xba I fragment and 
appearance of two smaller fragments of approximately 500 
and 260 bp. 

Approximately 8 ug of plasmid P TVS2 T was 
digested to completion with Xba I in a volume of 10 ul 
The volume was increased to 40 ul with Bgl II buffer, and 6 
units of Bgl II were added and the mixture was incubated at. 
37-C Ten ul aliquots were removed to a stop buffer 
containing 50 mM EDTA at 15 and 30 minutes, and the 
remaining 20 ul stopped at 45 minutes. The resulting 
mixtures were separated by electrophoresis through 0./% 
agarose. The ca. 4.6 kb Bgl H-Xfca I vector fragment was 
cut out, extracted from the gel, and EtOH precipitated. 
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C Plasmid P VS*B was digested with Bgl II and Xba I> and the 

ca 260 bp fragment containing the synthetic 3'.. terminus 
and stop codon was isolated by electrophoresis through 
agarose, .subsequent extraction from the gel. and EtOH 

5 precipitation. 

The 4.6 kb Bgl II-Xba I vector fragment from 
pTVS2*T and the 26 0 bp Bgl Il-Xba l fragment, from P V£*B 
were ligated in the presence, of T4 DNA ligase for 7 hours 
at room temperature. The reaction mixture was used to 
10 transform E. coli HBlbl to Ampicillin resistance. DNA was 
prepared from transf ormants and the presence of the desired, 
insert was confirmed by screening for a 550 bp Pst I— Xba 1 
band on ah agarose gel. A plasmid . havin 9 the correct 
configuration was designated pVSB. • 

15 

f EXAMPLE V 

; 

Yeast Expression Vectors 
A. Construction. of Plasmids YEpVSX and YEpVS2<X 

20 • . ■ ' 

Yeast Replicating Vector YE P 13 (Broach, et al.. 
Gene 8: 121, 1979) was used as an expression vehicle for 
v-sis derived constructions described in Examples II and 
III. VE P 13 is a multicopy extrachromosomal plasmid 
25 containing a 2 micron' replication origin and the yeast LEU* 
gene. This allows for. selection of the plasmid in yeast 
. strains possessing a defective chromosomal LEU2 gene when 
grown on synthetic medium lacking leucine,. Addition of 
yeast terminator . sequences to foreign genes. expressed in 
30 yeast ensures efficient transcription. terai nation and 
poiyadenylation of mRNA. The v-sis expression, units VS«4. 
and VS2* were placed adjacent to the T.PI t.e r»s i na t o r 
fragment which was. preivously cloned into YE P 13 (below) . 

Plasmid P 27 0 (see F i tj l re; .' 5 )■ • contains the 
35 transcription, terminator region of the yeast, triose 
phosphate isomerase (TPI) ger.e. It- was constructed in the 
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The veast TP1 terminator fragment was 
following manner. Tne yeast xrx 

obtained from plasmid pFGl (Albert and Kawasaki, xbxd . 
It encompasses the region fro. "the penulticate a,noa 
codon of the TPI gene to the Eco RI site approximately 700 
base pairs downstream. A Bam HI site was substituted for 
this unique Eco RI site of pFGl by first cutting .the 
plasmid with Eco RI i then blunting the ends with DNA 
polymerase I (Klenow fragment), adding 

linkers ( CGGATCCA ) , and re-ligating to P^^^a Xba 
The TPI terminator was then excised from p!36 . . ^ Xb. 
X -B.« HI fragment. This fragment was legated xntc , Y t ol3 
CBroach, et .1.. ibid.) which had bene linear. zed wxth b 
I and Bam HI. The resulting plasmid is known as P 213. The 
Hind ill site was then removed fro- the TPI terminator 
region of p213 by digesting the plasmid with Bind III, 
blunting the resultant termini with DNA polymerase I 
(Klenow fragment), and recirculating the linear molecule 
using T 4 DBA ligase. The resulting plasmid is P 270. 

Alternatively, P 270 may b. constructed by digest- 
ing plasmid pK22o' (see below, with Xba I and Bam HI, purx- 
Jng the TPI terminator fragment (~700b P ) and inserting 
this fragment into Xbal and Bam HI digested YE P 13. 

Referring to Figure S. plasmid P 270 DNA was 
digested with Xba I and treated with calf alkaline phos- 
phatase to prevent relation of the cohesive vector end. 
V-sis expression units VS« and VS2* were prepared by Xba I 
digestion and agarose gel purification of pVS* and mllvs2« 
respectively. Each. of the isolated fragments was Ixgated 
with an approximately equimolar amount of 
, vector i.n the presence of 40 units of T 4 DNA Ixgase and the 
ligation mixtures transformed into E, coll K-12 RRl • Plas- 
m id DNA was prepared from ampicillin-resistant colonies _.nd 
restriction enzyme analysis performed in order to xdentxfy 
clones which possessed the TPI terminator ^acent to 3 
sequences. Presence of 3.3 kb or 3.1 kb Bgl II 
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f W .-t. after ,el e.cuop^e.s indicate th. correct 
orientation of VEpVS* « P VS^ 

B. insertion of VS2« Expression unit into pCPOT. 

r id oCPOT is such a preferred expression vehicle. 

Plasmid pCPOr is r oCPOT has been 

aU "^^'"^ Luon .. 4 .r 

micron circi. y „ RR32 2 replication and sexec- 

.... i,.... «U p ^^1^ ms, .« 

5 "°" ' the „co7^77">- Trio,. 

»""'" <S2T1>- olas „id in th. appropri- 

ates .««. * ^ l ' OB ,.. S .l«ti. e 

ate host background du.mg g-ovn: 

i 'it a carbon source. 

•0 utilizing glucosa as car oter was used to 

The S. cerevisiae TPI pro 

„ ■ „ of VS2* sequencss in pCPUi. 

a n* m HI electrophoresed through a 0.94 
with Bgl II and /^ e HI 2 ' 2 el k C b TP1 P p rom oter, ^ 9 ene frag- 
agarcse gel, and the 2 2 Jcb T P ^ ^ 

30 ment extracted. The P»» f " d J x £ragtnent aga rose 

pst 1 t~:£-"™-™£™ - digested with 

ge l-purified kb HFoa/v . sis /TPI terminator 

Pst I and Ban « ; ^^ was digestad 

35 f "T.»T tV^tH with calf alkaline phosphatase. 
35 with Bam HI, treate DU _ lM „ d by electrophoresis 

phenol/CHCl 3 extracted, then ponded y 
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through agarose, extracted from the gel and EtOH 

precipitated.' 

. Approximately equimolar amounts of .the three • 

isolated fragments described above (Figure 7) were ligated 

overnight at 12°C and the ligation mixture used to trans- . 

. form E. coli K-12 strain DHl (Hanahan, D. and Meselson, M. ,• 

.1 Mol. Biol. 166 : 5 77, 1983 ) to amp.icillin resistance.- 

Plasmid DNA was prepared from transformarits and restriction 

digest analysis used to ascertain the orientation of. the 

insert fragments. . Presence of the -1500 bp Bam Hi-Sal I 

fragment indicates that the Bam HI cohesive end of the TPI .. 

terminator fragment is oriented as shown in Figure 7. The. 

' opposite orientation would create a Bam Hl/Bgl II fusion, . 

not cleavable by Bam HI, and nance would not yield cms 

5 fragment. The 800 bp S P h I fragment indicated that TPI 

promoter and v-sis fragments were properly fused at the Pst 

I site (Figure 7).; This plasrr.id was designated pll7-2. 

For exoression of the v-sis derivatives in yeast, 

a stable expression vector comprising the "RE Pi. REP2, REP3 

20 and ori sequences from yeast 2 micron DNA and the Schizo- 

■ gaecharomvces- pombe triose phosphate iscmerase (P0T1) gene 
was constructed. The POTl gene provides for plasmid main- 
tenance in a transformed yeast host grown in- complex media 
if such host is defective for triose phosphate isomerase. 

The POTl gene was obtained from the plasmid 
pFATPOT . S. cerevisiae strain E18 transformed with pFATPOT 
has been deposited with ATCC under accession number 20699. 
The plasmid may be purified from the host, cells by conven- 

■ tional. techniques.. The POTl sequence was removed from 
30 pFATPOT by - digestion -of the plasmid with Sal I and Bam HI. 

This 1600 bp' fragment was then Ligated to P IC19R. which 
had first been linearized by digestion with Sal I. and Bam 
KI The Bam HI, Pst I and Sal . I sites ..in the- resultant- 
plasmid. were destroyed in two steps to produce plasmid. 
35 P ICPOT«. The Pst I and Sal I sites were rembved by cutti ng 
with Pst 1 and Sal I; the ends were blunted by. digesting 
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with DMA polymerase 1 (Klenow frag- 
thc Pst I 3- overhang w th » 9 ^ RlenoW 

ment) ana filling xn ^ ^ . The Bam HI 

fragment. The blunt ends were ^ ^ ^ ^ 

and religating the blunt ends ^ 
n The 2U SeqUenC6S r 8 121-133 , 1979) and Cl/i. 

1 Cl/1 *•» constructed from pJ sequences by partial 

L 104 -109. 1978) by ^ Ri _ cut pBM22 . 

di gestion with E co « ^^/^'i roB VE P 13 by diges- 
The REP3 and on sequences were „. RE *2 was 

ti on with Pst X and Xba I —1 x ^ gph , and 

obtained fro. Cl/1 by W"**"^ were thea joined to 
■j „ gel purification. ^ ^1-106, 19.3> which had 

4 .1 • P0C13 (grander et al , ^ ^ p 

' \l been linearized with .-t fey dig2Stio n with 

^ V : pUCREP2»3 • REPl «. > ob- »--^ ~ ^ ^ bp frag - 

li -° « and Xba 1 £ T f ag,ent was cloned into pOC» 

IB* 20 ThC EC ° R , Gd with Eco RI and Xba X. The 

if «hich had bCen UnCa / "t'd P0C13 + RE*. The pUCU ♦ 

if resultant pi.-" was designa d^C U9ated i„ the 

REP1 P lasmid h (0 " b nE d fro. Bethesda Research 

presence of Eco RI linker. C ^ ^ EcQ RI 

L aboratories). The REPl J" ^ ^ ri fragmeat 

fragment of approximately 1720 ■ p sequence 
waS cloned into P XC7 <<^^ h ^ in Slte of *><»>. 
shown in Figure B inserted - the ^ ^ ^ 

which- had been linearized 

resultant Plasm id was design pX«» ^ ^ 

To construe, t.e f-a^^P^ ^ ^ ^ 

pICPOT* was lineariz a . pUC REF2.3 was cut with 

1 ,; complete Sst X digestion comprising REP2 , REP3 

V , Bin* XXX and Sst X, and the fragme^ ^ ^ ^ 

35 and ori ^ resultant Plasmid, comprising 

* linearised pI<-P°i • 
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RE P2 REP3 > ori. POTl and amp' sequences, was designated 
1 Pl was then removed fro. pICREPl as a Bgl 

fx- L I fragment and was ligated to pMPOTl which a 
been cleaved with Bgi II and Nar I. The proo.ct f thi. 
5 Nation was designated pHP0T2 (deposited with ATCC, 
^ssi^n number not yet assigned,. Plasmid p M P0T2 -s 
Jgested with Cla I and Ban, HI, and the vector fragment was 
purified as above. 
l0 c. insertion of v-sis Expression Units in pMPOT. 

1. insertion of V£?X expression unit into pKP0T2. 

Approximately 10 ug of plasmid P VS* was digested 
15 with Est EII to completion in a volume of 20 ul Pxve 
«ni>. of Pst I were added, the mixture was xncu bated 30 
m nuVes and the reaction stopped by .he addition of ^ EDTA- 
H qU enched reaction mixture was immediately -^tropho 
esed through a 1% agarose gel, and the ca. 800 bp p.rtx.l 
20 pst I--Bst EII band (comprising most of the MF«1 prepro 
leUnce and -the 5' portion of v-sis, was cut out, 
extracted from the gel, and EtOH precipitated. 

Plasmid PTVS2XT was digested to completion with 
P .t I and Bst EII and purified by agarose gel electro- 
25 phoresis. The resulting ca . 4 .8 xb vector fragment an. the 
foo bp Pst I-Bst EII fragment were ligated in the presence 
of t/dnA ligase for 6 hours at room temperature, and the 
ga \ on mixture was used to transform E. ^ H3101 to 
llpicillin resistance. A plasmid was »»V^ "« t 2 
30 contained a ca . 1450 bp Bgl II fragment, 

the Presence of the insert. It was designated pTVS* 

Plasmid PTVS* was digested to completion with Cla 
I and Earn HI.- and the ca. 2.9 Kb fragment containing VS« 
sequels ,,s isolated by electrophoresis through agarose, 

, „»i and E-OH precipitation. The ca. 

35 extraction from the gel, ana E.OM pr y 

2.9 kb CI", X"Ban HI -VS* fragment was lifted with Cla I 
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and Dam HI digested P KP0T2 as described for P VS2^ ( below) .. 

A plasmid containing a.2.9 kb Cla I--Bam HI insert was 
identified and designated pVSXm. 
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2. 



Insertion of VS2<* expression unit into MP0T2 . 
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. Plasmid pTVS2XT was digested to completion with 
C'.'l and Bam HI in. Bam HI buffer. The buffer was adjusted 
to high- salt (Maniatis et .1. ibid.) and tha.DNA was digest- 
ed to completion wit Pvu I. whichcuts the.vector -sequences 
twice and permits resolution of the ca. 2.7 kb Cla l-B« .. 
HI fragment containing the VS2 sequences .on an agarose gel. 
This fragment was electrophoresed through Q .94 agarose, 
extracted, and EtOH precipitated. The fragment was then 
ligated with Cla I-Bam HI digested sHPOT* in the presence 
of T4 DNA ligase for 20 hours at 13°C. The ligated DNA was. 
used to transform E . coli H3 101 to ampicillin resistance, 
and plasmid DNA. was prepared from the resulting colonies. 
A plasmid was identified which contained the 2.7 Jcb Cla 
I— Bam HI VS2 f ragment and was designated pVS2*m. 

3. Insertion of VSB expression unit i nto, pMPOT2 . 

Plasmid pVSB was digested with Cla 1 and Bam HI, 
and the 2.2 kb fragment containing the "B chain" expression 
unit purified by agarose gel electrophoresis, and EtOH 
precipitation.. The fragments were ligated overnight at 
room temperature in the presence of T4 DNA ligase and the 
reaction mixture used to transform E. .coli HB101 to ampicil- 
lin resistance. DNA was prepared from transf ormants and 
the presence cf. the insert verified by digestion with Cla I 
and Bam HI and agarose gel electrophoresis. The resulting 
expression vector was designated pVSBm. -- 
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EXAMPLE VI 

Yeast Transformation; and 
Analysis of v-sis Transcription 



S. cerevisiae strain E8-llc (MAT*leu2-3, 112 
pep 4-3; a haploid segregant of the cross E2-7B [ATCC 
2^6 891 x GK 100 I ATCC 206691 ) was transformed with plasir.ids 
YEpVS«, YEpVS2*. P 270 , p!17-2 and pCPOT. Transf ormant s 
were selected and maintained in synthetic medium lacking 
leucine. 

S cerevisiae strain Ell-3c (ATCC Accession 
820727) (MAT0cpep4-3 tpU ) was transformed with plasmids 
pCPOT and P117-2. Tr a n s f ormant s were selected and 

i maintained in YEPD. 

Referring to Figure 8, presence of v-sis related 
mRNA transcripts was -confirmed by electrophoretic and I aubse- 
qu -nt hybridization analysis of total RNA. Total RNA from 
the above described transf ormants in strain E8-llc was pre- 
20 pared by guanidinium thiocyanate extraction as described by 
Haniatis et .1. (ibid.) with the following modifications: 
100.1 cultures were grown to a density of IxloB ce lls/ml. 
The cells were pelleted by centrif ugation and washed three 
times with H 2 0. 2 mis of guanidinium lysis solution was 
25 added, followed by 0.5mm glass beads to just below the 
neni-cus. The tubes were vortexed three times for 1 minute 
with cooling on ice between bursts. The solution was 
pipetted off and the RNA isolated by centrifogatioiTthrough 
CsCl 2 as described (Maniatis et al.. ibid.). Fifteen ug of 
30 P.NA from plasmid transf ormants P 270. YEpVSX, YE P VS2*;, 
PCPCT and P 117-2 was giycxylated, electrophoresed through a 
0.9% agarose gel and transferred to nitrocellulose as 
described by Thomas (PKAS 7Ts 5201, 1980). The purified 
P,t I v-sis fragment £ron pVSIS/Pst was nick translated and 
35 hybridized to the filter bbund RNA, and the hybridizing 
species detected by autoradiography (Figure 10). Tran- 
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script bands of 1900 bp from YEpVSOt, -1650 bp from 
YEPVS2K.' and -1700 bp from pll7-2 confirmed the transcrip- 
tipn of the- v-sis fusion constructs, and the "use of the, 
transcription start and stop signals, in the constructions. 
5 No v-sis related transcripts were detected in negative 

controls p270 and pCPOT. 

Plasmids pVSXm, P VS2Xm, pVSBm,.and ,i>MPOT2 were 
used to transform SV cerevisiae strain E18.. Strain E18 is 
a diploid produced by crossing strains Eli-3c (ATCC No. 
10 20727, and £ t P i 29. S tpi 29 is produced by disrupting 
the triose phosphate isomerase gene of strain E2-76 (ATCC 
No! 206B9). essentially as described by Rothstein (Method^ 
• Enzymol 101: 202-210, 1933). .. 

EXAMPLE VII • 

Analysis of sis-related Products Expressed by Yeast; and 
' Biological Activity Assays • • 

A. Concentration of Yeast Culture. Medium. 

Transformants carrying YE P 13 and 'pC POT derived 
v-sis constructions were grown in the appropriate media at. 
30°C 11 2 liter cultures) to stationary, phase on. a- rotary 
air shaker with agitation at 220 rpm. Cultures were- 
25 harvested, the cells removed by centrif ugation, and the 
medium concentrated on a C-8 Sepharcse (Pharmacia Fine 
Chemicals AB , Uppsala, Sweden) column which binds molecules 
of a hydrophobic nature. Authentic human PDGF is a highly 
cationic and hydrophobic protein (Heldin et al., PNAS 76:. 
30 3722, 19.79; Raines and P.oss, ibid.,. ... The sis-related, 
.putative yeast product was expected to possess similar 
characteristics. The sis products -expected hydrophobic 
character was exploited to concentrate it .from the yeact 
media into which it Was expected to. be secreted. ... Molecules 
35 bound to the C-0 column are eluted from the matrix wxth 
suitable hydrophobic solvents. 
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Spent growth media from the transformed yeast 
cultures was adjusted to 5% EtOH and passed through an B .1 
C-8 sepharose colunn at a flow rate of 2-3 ml per minute. 
The column was then washed with lOOmls of 5% EtOH in 20 mM 
5 ammonium bicarbonate ( NH4HCO3 ) . The bound material was 
eluted with 20% propanol in 20mM NH4HCO3 and the eloate 
collected in 1-2 ml fractions. Fractions were assayed for 
protein content by light absorption at 280 n». (A 280 of 
1 4=1.0 mg protein/ml) or by the method of Lowry et al. (^ 
10 B iol. Chem. 193: 265, 1951). The concentrated fr.ction. 
w^Tc^bTned, lyophilieed, and then resuspended in 500-.00 
ul of PBS (phosphate buffered saline, pH 7.4). 

Transformant P 117-2 in strain Rll-3c grown under 
POT1 selection (with glucose as carbon source) was expected 
15 produce significantly higher levels of 

.1 in the media and thus was analyzed after dialysis of the 
media against PBS without concentration. 

Media samples from the trans formants pVSXm, 
pVS2«.. pVSBm and P HP0T2 were concentrated by adsorption to 
20 CM-se P hadex and .l»tio» with 1M NaCl in 1H acetic acid, P H 
4 5 The concentrated media were dialyzed against 0.1 M 
acetic acid, P H 7 and the amount of PDGF-like material in 
the concentrates was determined by EL1SA. 

25 B. Detection of PDGF-like Material By 

; Enzyme-Linked Immunosorbent Assay (ELISA) 

The expression of PDGF-like molecules by the 
yeast transformar.ts was examined by ELI SA and auar.titated 
by comparison to a standard curve developed with purified 
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human PDGF (Raines and Ross, ibid.,. A typical standard 
curve was prepared as follows: 

Purified human PDGF , 2.5 ng/ml in PBS. was incubated 
overnight with Im.ulon II (Dynatech Laboratories, Inc.) 96 
35 well .icrotiter plates (100 ul/wel 1 ) at 4'C. This coating 
I solution was removed and 100 ul/v.-ell of 0.1% rabbit alcumn 
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in PBS was added and the plates incubated for 1 hour at 
37-C. Samples of purified PDGF ( 0 . 1-4 Ong/ml > were sepa- 
rately incubated with goat anti-PDGF igG (5 ug/ml) in FSS 
containing 0.05% Tween 20 and 1 «g/.l rabbit albumin , (RSA) . 
The microtiter plates were washed 5 times with 0.9% NaCl, 
.05% Tween 20. drained, and 100 ul of each test solution 
was added to the microtiter wells and incubated 2 hours at 
37°C The plates were washed as before, and peroxidase- 
conjugated swine anti-goat IgG (Tago, Inc.) diluted 1:1000 
in PBS containing 0.05% Tween 20 and 1 mg/ml RSA was adc.ed 
for 2 hours at 37°C. The plates were washed as before and 
freshly prepared .04% o-phenylene diamine containing .012% 
hydrogen peroxide (H 2 0 2 ) (100 ul/well) was added for 50 
minutes at room temperature and the reaction stopped at 50 
minutes by the addition of 4N H 2 S0 4 (50 ul/well). Absorb- 
ance at 492 nm was determined using a Dynatech plate 
scanner. Each test point was measured in triplicate and 
plotted as the mean * standard error. C-8 eluates of yeast 
culture media and unconcentrated media samples were diluted 
in PBS, assayed as described and compared to the PDGF 
standard curve. Table 2 is a summary of assay results for 
a representative series of experiments. Figure 11 depicts 
an -LISA of a range of C-8 eluate sample volumes measured, 
generating a dose-response curve which is compared to a 
standard curve from purified PDGF. 

Raw ELISA data for the MPOT constructions is not 
shown, but has been incorporated into the radioreceptor and 
mitogenesis assay data as shown in Figures 13 and 14. 

C. Radioreceptor Assay ( RRA) for PDGF. 

The radioreceptor assay for PDGF (Bowen-Pope and 
Ross, .1- Biol. Chem. 257 : 5161. 1982 ) is a specific and 
sensitive (.2-2 ng/mi PDGF) method for detecting biological- 
ly active PDGF-like material in yeast. In this asnay, 
PDGF-like material is tested for its ability to compete 
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with purified, radio-labeled "5i PDGF for binding sites on 
cell surface PDGF receptors.' Results are interpreted by . . 
comparison- to. a standard curve generated with- pur i f ied , . 
unlabeled PDGF. . Comparison of results obtained with- other 
5 assay methods (e.g.. ELISA ) provides an indication of the 
strength of the. receptor/ iigand interaction, in addition to 
quantitation of the material bound. The assay is conducted 
as follows: Subconf lue.nt monolayers of diploid human 
fibroblasts are. prepared by plating 1.5x10* cells, per 2c* , 

n ,■'„ roQtar 24 well cluster trays" in Dulbeccos 
10 culture well in Costar i<* »e" *- - . . 

Modified- Eagles Medium ( DM EM) supplemented with 1% human, 
plasma-derived serum (PDS) . Cultures are set on an .ice tray 
and rinsed once with ice-cold binding rinse (Ham's medium 
i f-12 buffered at P H 7.4 with 25mM HEPES and supplemented . 

£ 15 with 0.25% BSA ) . One ml/well of test substance in binding . 

V medium. is added and the cultures tncub.t.d xn a 

}) refrigerated room on an oscillating platform for 3-4 hours. 

Th- trays are then placed on ice, aspirated, rinsed once 
with cold binding rinse and incubated for one hour as above, 
oo with 1 ml/well binding medium containing, 0,5 ng/ml 
125i. PDGF. Labeling is terminated with 4. rinses of binding 
rinse and cell-associated 12 5 i-pdGF do ter mined by 
extraction with solubilization buffer. Standard curves are. 
obtained using. 0, 0.05, 0.1, 0.2, 0.4, and 0.8 ng/ml 
25 purified PDGF and test samples compared to these values. 

Results obtained by RRA for yeast C-8 . eluates and 
IX media samples are given in Table 2. ■• 

■ in addition, PDGF receptor binding by CM-sepha- 
dex media concentrates from yeast transforms containing 
30 plasmios P VSW P VS2«m, " pVSBm, and pMPOT2 was compared .. to . 
authentic PDGF. The results were interpreted by comparison 
to a standard curve generated with purified, unlabeled: 
PDGF. as shown in Figure 13. Media from cultures trans- 
i 1 fom » d with the v-sis constructions are shown to compete 

\ 35 with 125i-PUGF for binding to the PDGF receptor. 
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«r.. ».«« ««• transfor.ed with P»PO« do not co.pete 
with radio-labeled PDGF for receptor binding. 

D. Mitogenesis Assay 

The ability of PDGF to stimulate DNA synthesis 
and cell growth in cult,, was t h e basis for «. nition 

a -:ri^;es^ — d — 

,„ e„, 109 in P-ss, is a preferred method for demon- 

10 ^ S*bi.l-9i«l activity of PDGF-1 ike molecules 

produced in 1QmM acetic ac id UOO ul/well) 

.„ added to descent cultures of mous e = » - _ 

• 5 costar r r:: ^l.* «* ... 

QU ;r in Voterum and allowing the, to deplete the medium, 
" "L t ...pl« are removed fro. the wells at 

4-5 da,s. ™ e 0>5 ml of fresh me dium per wexl 

20 hours and replaced wit # 
. • - i «ri/ml I 3H]-Thymidine and 5% iv/\ • 
20 containing 2 uCi/ml l »J y the ceLls are 

After an additional 2-hour incubation at 37 C the 

, k .«irating off the medium, washing the wel~ 
h arvested by: ••P"- t ^ ° „ TCA; soiub lizing TCA- 

twic e each with 1 ml of ice , co 

insoluble .ol.'t". in 5 .1 ^asol in a 

25 counting 0.6 ml of thlS stimulation over 

liqui d scintillation coun £ l aione) u deter . 

. t u .ii s (100 ul of lOmM acetic a^*« 

control -el.- « U B .»i..l. stimulation) and 

mined, (normally 30 50 io trifled PDGF 

compared to a standard curve obtained using pan 

30 P"P- ati 7; 2 nts results obtained in the mito- 

\„ for FDGF-like material produced in yeast and 
genesis assay for »0 ^ pDGF . lUe material as 

compares the activity ^..u^* Figure 12 

meas ured by the above-described ass. '^^^ 
35 depicts the mitogenic response elicited by 
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media from P 117-2 transformed Ell-3c and pVS* transformed 
E8-11C compared to that obtained with purified human PDGF. 



TABLE 2 



Preparation 
C-8 Eluates 



ug/ml ng/m l PDGF by 

Transforms Protein EL ISA RRA MITOGENESIS 



2.0 


188 


4.6 


102 


16 


864 


16-97 


310 


1.44 


120 


13.9 


87 




4.2 


0.18 


2.5 



pVS£</E8-llc 
pVS2^/E8-llc 
pll7-2/Ell-3c 

IX Media pll7-2 Ell-3c 

In addition, the mitogenic response elicited by 
CM-sephadex concentrates from yeast transf ormants contain- 
ing plasmids.pVSKm. P VS2Kn, pVSBsn, and pMFOT2 was compared 
to that obtained with authentic PDGF . Referring to Figure 
14, media from cultures transformed with the v-sis construc- 
tion= stimulated uptake of 3 H -thymidine by quiescent 3T3 
cells. As noted above, uptake of 3 H -thymidine by quiescent 
3T3 cells is taken to be indicative of mitogenic stimula- 
tion. Media from yeast cells transformed with P HPOT2 
showed no mitogenic activity. 

The data presents clear evidence that growth 
media from the yeast strains constructed herein possess 
biological activities identical to authentic human PDGF. 
Further, these activities are readily detectable in noncon- 
centrated (IX) media from P U7-2 transformed strain Ell-3c 
grown under POTl selection. 

From the foregoing, it will be appreciated that, 
although specific embodiments of the invention have been 
described herein for purposes of illustration, various 
modifications may be made without deviating from the spirit 
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Claims 



1 A DNA construct capable o£ directing the expres- 
sion and secretion of biologically active PDGF analogs in 
eucaryotic cells, said DNA construct containing a transcrip- 
tional promoter followed downstream by a gene encoding a 
p'rotein having substantially the sane structure and/or 
autogenic activity as PDGF, and a signal sequence directing the 
secretion of the protein from the eucaryotic cell. 

2. The DNA construct of claim 1 wherein the 
eucaryotic cell is a yeast cell. 

3 The DMA construct of claim 2 wherein said 
promoter is "the yeast alpha-factor promoter or the yeast triose 
phosphate isomer ase promoter. 

4 The DNA construct of claim 2 wherein said 
promoter is followed downstream by the signal sequence of the 
yeast mating pheromone alpha-factor. 

5. The DNA construct of claim 2 wherein said gene is 
followed downstream by a triose phosphate isomerase terminator. 

6 The DNA construct of claim 1 wherein said gene is 
the v-sis gene of simian sarcoma virus or portions thereof 
encoding a protein having biological activity. 

7. The DNA construct of claim 1 wherein said gene is 
a derivative of the v-sis gene of simian sarcoma virus or 
portions thereof encoding a protein having biological activity. 

8. The DNA construct of claim 7 wherein the 
derivative of the v-sis gene of simian sarcoma virus is the 
portion of the v-sis gene which is substantially homologous to 
the B chain of PDGF • 
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'. J medium; and 



9 The DNA construct of claim 1 wherein said gene is 
e for PDGF or portions thereof encoding a 
the human cDNA gene for PDGF or P 
protein having biological activity. 

10 . A method of preparing biologically active PDGF 

analogs a host a DNA construct 

capable of i :L r ec.ti, the 

i - t containing a transcript *■ h anie structure 

* - ,. _ n havinq substantially tut 

H 9ene enC ° din9 t/;; ivity as PDGF, and a signal sequence 

Vj and/or mitogenic activity a pro tein from the 

I* capable of directing the secretion of the pr 

! J eucaryotic«U;^ ^ eucaryotic host in an appropriate 

Lolating the protein product of said gene fro. said 
eucaryotic host. 

, X1 The method of claim 10, including, after 

• V said protein product, purifying said product by 
isolation of said prote P hy§ or affinity 

gel filtration, exchange 
chromatography. 

12 . The method of claim 10 wherein the eucaryotic 
cell is a yeast cell. 

13 T„e ^thoO of clai« 12 .-herein «U is 
th e ,e,s t " V««t« o r t „e — 
isomerase promoter. 

14 The method of claim 12 wherein said promoter is 
14. i»c veast mating 

followed downstream by the signal sequence of the ye 

|j j pheromone ?.lpha-£ actor . 



15, The method of claim 12 wherein said gene is. 
followed downstream by a triose phosphate isorher.ase termina-tor . . 

16.. The method of claim 10 wherein said gene is the 
v-sis gene of simian . sarcoma virus or portions thereof encoding 
a protein having biological activity . 

17. The. method of claim 10 wherein said said gene is 
a derivative of the. v-sis gene. of simian sarcoma' virus or 
portions thereof encoding a protein having. biological : activity; 

* * 

18. The method of claim 17 wherein the derivative of 
the v-sis gene of simian sarcoma virus is the- portion of the 
v-sis gene which is- substantially homologous to" the B chain of 
PDGF . 

19. The method of claim 10 wherein ' said .gene " is the. 
human cDHA gene for PDGF or portions thereof encoding a protein 
having biological activity. 

'20. The protein product produced by the method of 
claim 10 . - 

21. A eucaryotic cell transformed with a DNA 
construct capable of directing the expression and secretion of 
biologically active PDGF analogs in eucaryotic. cells, said DNA 
construct containing a transcriptional promotor followed 
downstream by • a gene encoding a protein having substantially 
the same structure and/or mitogenic act i vi ty.";a s PDGF, and - a 
signal sequence capable of di rect ing the. seer et ion of . the 
protein from. the eucaryotic cell. 

22. The eucaryotic cell of claim 21 wherein the 
eucaryotic cell is a yeast cell. 1 . . 
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23. The yeast cell of claim 22 wherein said promoter 
is the yeast alpha-factor promoter or the yeast triose 
phosphate isomerase promoter. 

24. The yeast cell of claim 22 wherein said promoter 
is followed downstream by the signal sequence of the yeast 
mating pheromone alpha-factor. 

25. The yeast ce\l of claim 22 wherein said gene is 
followed downstream by a triose phosphate isomerase terminator. 

26. The yeast cell of claim 22 wherein said DNA 
construct is the plasmid pll7-2. 

27. The yeast cell of claim 22 wherein said DNA 
construct is the plasmid YEpVSV. 

28. The yeast cell of claim 22 wherein said DiJA 
construct is the plasmid YEpVS2^(. 

29. The eucaryotic cell of claim 21 wherein said gene 
is the v-sis gene of simian sarcoma virus or portions thereof 
encoding a protein having biological activity. 

30. The eucaryotic cell of claim 21 wherein said gene 
is a derivative of the v-sis gene of simian sarcoma virus or 
portions thereof encoding a protein having biological activity. 

31. The eucaryotic cell of claim 30 wherein the 
derivative of the v-sis gene of simian sarcoma virus is the 
portion of the v-sis gene which is substantially homologous to 
the B chain of PDGF. 

32. The eucaryotic cell of claim 21 wherein said gene 
is the human cDNA gene for PDGF or portions thereof encoding a 
protein having biological activity. 
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33. The yeast cell of claim 22 wherein said DKA 
construct is the plasmid pVSBra. 

34. A method of promoting the growth of mammalian 
cells, comprising incubating the cells with a biologically 
active PDGF analog expressed by a eucaryotic cell transformed 
with a DNA construct capable of directing the expression and 
socretion of biologically active PDGF analogs in eucaryotic 
cells, said DNA construct containing a transcriptional promoter 
followed downstream by a gene encoding a protein having 
substantially the same structure and/or mitogenic activity as 
PDGF, and a signal sequence capable of directing the secretion 
of the protein from the eucaryotic cell. 

35. The method of claim 34 wherein said growth- is 
carried out i_n vitro . 

36. The method of claim 34 wherein said cells are 
normal cells or transformed cells. 

37. The method of claim 34 wherein said eucaryotic 
cell is a yeast cell. 

36. The method of claim 37 wherein said promoter is 
the yeast alpha-factor promoter or the yeast "triose phosphate 
isomerase promoter. 

39. The method of claim 37 wherein said promoter is 
followed downstream by the signal sequence of the yeast mating 
pheromone alpha- f actor • 

40. The method of claim 37 wherein said gene is 
followed downstream by a triose phosphate isoraerase terminator. 

41. The method of claim 34 wherein said gene is the 
v-sis gene of simian sarcoma virus or portions thereof encoding 
a protein having biological activity. 
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42. The method of claim 34 wherein said gene is a 
derivative of . the v-sis gene of simian sarcoma virus or 
portions thereof encoding a protein having biological activity, 

43. The method of claim 42 wherein the derivative of 
the v-sis gene of simian sarcoma virus is the portion of the 
v-sis gene which is substantially homologous to the B chain of 
PDGF. 

44. The method of claim 34 wherein said gene is the 
human cDNA gene for PDGF or portions thereof encoding a protein 
having biological activity. 

45. A DNA construct capable of replication in yeast 
and containing the yeast triose phosphate isomarase promoter, 
said yeast promoter being followed downstream by the signal 
sequence of the yeast mating pheromone alpha-factor, said 
signal sequence being followed downstream respectively by the 
portion of the v-sis gene which is substantially homologous to 
the B chain of PDGF and a triose phosphate isomerase 
terminator. 

46. The plasmid pll7-2. 

47. The plasmid YEPVS*. 



48. The plasmid YEPVS2<*. 

49. The plasmid pVSB. 

50. The plasmid pVSBm. 

51. A DNA construct capable of directing the expres- 
sion and secretion of biologically active PDGF analogs in 
eucaryor.ic cells, said DNA construct containing a transcrip- 
tional promoter followed downstream by the portion of the v-sis 



gen- which is substantially homologous to the B chain of PDGF, 
said portion encoding a protein having substantially the same 
structure and/or mitogenic activity as PDGF, and a signal 
sequence directing, the secretion of the protein f rom the 
eucaryotic cell'. 

52. A method of preparing biologically active PDGF 

analogs, comprising: 

introducing into a eucaryotic host a DNA construct 
capable of directing the expression and secretion of biological- • 
ly active PDGF analogs in eucaryotic cells, said DNA" construct 
containing a transcriptional promoter followed downstream by 
the portion of the • v^sis gene which is substantially homologous 
to the B chain'of PDGF , said portion encoding a protein having 
substantially the same structure and/or mitogenic activity as 
PDGF, and a signal sequence directing the secret ion. of the 
protein from the . eucaryotic cell; 

growing said eucaryotic host in an appropriate 

medium; and .. • .. 

isolating the protein product of said gene from said 

eucaryotic host. 

53. A eucaryotic cell transformed with a DNA 
construct capable of directing the expression and secretion of 
biologically active PDGF analogs in eucaryotic cells, said. DNA 
construct containing a transcriptional promoter followed down- 
stream by the portion of the v-sis gene which is substantially 
homologous to the B chain, of PDGF, said portion, encoding a 
protein having substantially the same structure and/or 
mitogenic activity as PDGF, and a signal sequence directing the 
secretion of the protein from the eucaryotic cell. 

54. ' A method of promoting the growth pf. mammalian 
cells, comprising incubating the cells with a biologically 
active PDGF analog expressed by a eucaryotic cell transformed, 
with a DNA construct capable of directing the expression and 
secretion of biologically active PDGF analogs . in eucaryotic 
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cells, said DNA construct containing a transcriptional promoter 
followed downstream by the portion of the v-sis gene which is 
substantially homologous tc the B chain of PDGF, said portion 
encoding a protein having substantially the same structure 
and/or raitogenic activity as PDGF, and a signal sequence 
directing the secretion of the protein from the eucaryotic 
cell. 
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EXPRESSION OF BIOLOGICALLY ACTIVE PDGF 
ANALOGS IN EUCARYOTIC CELLS 

Abstract of the Disclosure 

Biologically active PDGF analogs expressed in 
eucaryotic cells are disclosed. The analogs are produced by 
yeast strains transformed with an extrachromosomal element 
composed of a strong transcriptional promoter directing the 
expression of a gene which encodes a protein having substan- 
tially the same biological activity as PDGF . Suitable genes 
include the v-sis gene or a derivative of the v-sis gene of 
simian sarcoma virus or portions thereof, or the human- cD N A 
gene for PDGF or portions thereof. In particular, DNA 
sequences encoding polypeptides substantially homologous to the 
B chain of PDGF are preferred. A secretory signal sequence may 
be provided upstream of the gene, enabling secretion of the 
gene p, oduct from the host cell. Mitogenic activity is one of 
the biological activities possessed by these PDGF analogs, 
making them useful in promoting the growth of mammalian cells. 
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632 697 712 727 

CCC TGC GTG GAG GTG CAG CGC TGC TCC GGC TGT TGC AAC AAC CGC AAC GTG CAG 
Pro Cys Val G^u Val G1n Arg Cys Ser Gly Cys Cys Asn Asn Arg Asn Val Gin 

IPvu H 

742 1 757 772 

TGC CGG CCC ACC CAA GTG CAG CTG CGG CCA GTC CAG GTG AGA AAG ATC GAG ATT 
Cys Arg Pro Thr Gin Val Gin Leu Arg Pro Val Gin Val Arg Lys He Glu He 

7ft7 802 817 832 

GTG CGG AAG AAG CCA ATC TTT AAG AAG GCC ACG GTG ACG CTG GAG GAC CAC CTG 
Val Arg Lys Lys Pro He Phe Lys Ly. Ala Thr Val Thr Leu Glu Asp His Leu 

fvu II 

847 862 877 

GCA TGC AAG TGT GAG ATA GTG GCA GCT GCA CGG GCT GTG ACC CGA AGC CCG GGG 
Ala Cys Lys Cys Glu He Val Ala Ala Ala Arg Ala Val Thr Arg Ser Pro Gly 

892 907 922 937 

ACT TCC CAG GAG CAG CGA GCC AAA ACG ACC CAA AGT CGG GTG ACC ATC CGG ACG 

Thr Ser Gin Glu Gin Arg Ala Lys Thr Thr Gin Ser Arg Val Thr He Arg Thr 

952 967 982 997 

CTG CGA GTC CGC CGG CCC CCC AAG GGC AAG CAC CGG AAA TGC AAG CAC ACG CAT 
Val Arg Val Arg Arg Pro Pro Lys Gly Lys His Arg Lys Cys Lys His Thr His 

1012 1027 1043 1053 

GAC AAG ACG GCA CTG AAG GAG ACC CTC GGA GCC TAA GGGCATCGGC AGGAGAATAT 
Asp Lys Thr Ala Leu Lys Glu Thr Leu Gly Ala 

1061 1073 1083 • 1093 1103 1113 1123 

GGGCAGCGGG TCTCCTGCCA GCGGCCTCCA GCATCTTGCC CAGCAGCTCA AGAAGAGAAA AAAGGACTGA 



1133 1143 1153 1163 1173 1183 1193 

ACTCCACCAC CATCTTCTTC CCTTAACTCC AAAAACTTGA AATAAGAGTG TGAAAGAGAC TGATAGGGTC 



1203 1213 1223 1233 1243 1253 1263 

GCTGTTTGAA AAAAACTGGC TCCTTCCTCT GCACCTGGCC TGGGCCACAC CCAAGTGCTG TGGACTGGCC 



1971 1283 1293 1303 1313 1323 1333 

CGAGGGGCCC TGCACGTGGC CCTGAGCACC TCTCAGTGTA GCCTGCCTGG TCCCTAGACC CCTGGCCAGC 

XbaTJI v-sis-helper viral junction 
1343 1353 1363 1373 \\ 

TCCAAGGGGA GGCACCTCCA GGCAGGCCAG GCTACCTCGG GGGTCTAG 
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